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THE COLUMBUS LABORATORIES of Battelle Memorial Institute comprise the original )
rescarch center of an international organization devoted to research. -~
q

The Institute is frequently described as a “bridge™ between science and industry - a role it
has performed in more than 9¢ countriex. Ax an independent reacarch institute, it conducts o
reccarch encompassing virtually all facets of acience and its application. It also undertakes

programs in fundamental rexcarch and education. ]

. T . e
Battelle-Columbus with itx staff of 3,000 - serves industry and government through

vontract rescarch. It pursues: -

o  rescarch embracing the physical and life sciences, engineering, and selected social
sciences

L3

o design and development of materials, products, processes, and systems

o information analyss. sociocconomic and technical economic studies. and manage-
ment planning rescarch,
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DETAILED ANALYSIS AND DESIGN REVIEW OF THE
MARK IX (MODIFIED) UNDERWATER
BREATHING APPARATUS

by

J. M. Tierney and C. T. Marr

INTRODUCTION

In October, 1968, as part of the program to modify the Mark IX Underwater
Breathing Apparatus, Battelle Memorial Institute, Columbus Laboratories, conducted
a limited review to identify potential problem areas. (1) That effort called for a inore
extensrive and detailed review, the results of which are presented in this report.

The Mark IX apparatus has been reviewed in detail primarily to determine those
design features that

e May endanger the lives of its usexrs or handlers

o Do not adequately satisfy their functional requirements within the overall
design context

e Constitute shortcomings in materials selection or design assembly.

That is, the review constituted an attempt to find fault with the apparatus, its compo-
nents, and its parts. This review was based on examination of Mark IX units, contacts
with component suppliers, and information obtained from design drawings, parts cata-
logs, and service manuals.

In order to consider potential dangers from the direst viewpoint, possible conse-
quences, rather than probable consequences, were considered for the various design
shortcomings or parts failures. For instance, failure or malfunction of a part may be
suggested as possibly resulting in a leakage of breathing gas which possibly may be
fatal to the diver. However, many of the possible fatalities that are suggested as possi-
ble consequences of equipment failures are unlikely to occur. Diver training and re-
sponse will avert catastrophe in many instances, In others, failures in use will be non-
catastrophic, although serious.

This report is divided into five major sections, presented in the following order:

Summary and Conclusions. This is a general summation of the review and its

findings. A table is presented, showing component or part, design fault, and recom-
mendation or remarks.

BATTELLE MEMORIAL INSTITUTE - COLUMBUS LARORATORIES
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General Review.

In narrative form are presented a description of each component
and its function, the controls or tests applied to the component during its manufacture
or assembly, the critical or potential-failure arcas of the component, and recommenda-

tions for improvement or elimination of potential failures, or remarks concerning the
component.

Failure Mode and Effect Analysis. The analysis is presented in tabular form and
H lists components and subcomponents or parts, the nicde of possible failure, the probable
cause of the failure and its possible result and effect on the diver, counteraction that
can be taken by the diver, and recommendations or remarks.

Design Verification. This section consists of three tables: engineering analyses
or technical considerations that should be applied; pressure, flow, and leak tests that
should be performed; and physical tests that should be conducted. Each table lists the

applicable component or subcomponent and whether or not the analysis or test has been
completed.

It e N e PR

Maintainability. This section deals with lubricants and cleaning methods appl-
cavle to breathing systems. Tables are presented showing comparison of lubricants,

cleaning agents used in oxygen service, and suggested cleaning methods for Mark IX
components.

Ty T B b U R S

The Mark IX system was reviewed over an 8-month period.

During that time, :
several modifications were made 1n the apparatus. These changes may not be reflected
in this report, and certain critical or failure-prone areas that are listed may already

have been eliminated.
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This design review was conducted within the Mechanical Engineering Department
of Battelle's Columbus Laboratories, under Contract No. N00014-66-C-0199.

LCdr. William Milwee of the U. S. Navy Experimental Diving Unit was the project
officer.
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| SUMMARY AND CONCLUSIONS

'
\

Y

The general design of the Mark IX (Modified) Underwater Breathing Apparatus is
adequate for the purpose to whicn the unit is being put. However, because of the limited
production and use of the apparatus and its developmental configuration, more caution
must be exercised in its use than with other units having a longer history of successful
operation. It is the developmental nature of the unit that contributes most to its poten-
tial dangers. There is a tendency to extemporize, to use parts not designed for such a
life - support system, and to modify components piecemeal. The result is a collection

!
of components that provite underwater breathing capability rather than a polished- ‘
design breathing system.
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The ability to use off-the -shelf items is attractive because of the convenience and,
usually, the lower cost of such items as compared with specially ordered items. How-
ever, off-the-shelf items probably have not been certified specifically for the use to
\ which they are put. Also, any one off-the-shelf item is not necessarily identical to the
previous, apparently identical, off-the-shelf item. That is, the form, size, and func-
tion as envisioned by the manufacturer may be the same, but the materials of construc-
b tion may not, and "improvements' may have been made in its operation that result in
different functional characteristics when it is used in the present overall design context.

R R PR TR T (X
.

LR AR, Lo, St e

RISz

’ &The faults found with the apparatus were, for the most part, minor. However,

a minor fault or malfunction in a life-support apparatus is potentially more serious than
: the same type of fault or maliunction in a different apparatus. Also, users of such ap-
v paratus, particularly diving apparatus, tend to become complacent with its continued

use, making minor problems all the more hazardous. _
i
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The primary faults in the design of the Mark IX Breathing Apparatus are summar-
ized in Table 1. Ali faults should be corrected, but those blocked in with dotted lines
certainly should be corrected before additional procurement, and those blocked 1n with
solid lines should be corrected 1n existing units, as well as in future units,
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I There are possibilities for failure of the apparatus not necessarily due to design.
For example, fatigue of springs may occur during normal operation; elastomeric parts
such as O-rings may leak because of age, use, or handling-imposed cracking or dete-

. rioration; components may leak because of negligence in fastening couplings. Such po-
tential failures, while not due directly to design, are related to design in that failure-
prone areas may be avoided by design practices. Failures such as those suggested

. above are coniidered in the General Review of the apparatus, and in the Failure Mode
and Effect Analysis.
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This review has led to the conclusion that the Mark IX (Modified) Apparatus is
operationally acceptable in its present design configuration, but only with the provision
that the setup and predive-checklist procedures, as presented in the Mark IX Service
Mauual(é), are followed prior to each use of the apparatus. Further, certain design
features must be changed as soon as possible, but definitely prior to further procure-
ment. These are features that, in conjunction with potential human error, pose dangers
to the users of the system. Other features, while not definitely endangering lives, aiso
should be changed because they may contribute to a potential malfunction.
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All components used, or to be used, in the Mark IX apparatus should be specified,
tested, and placed on the Navy's Qualified Parts List. This will insure that components
for subsequent units will meet the requirements and needs as presently envisioned for
the Mark IX. "Improved' components then would not be used inadvertently in future
Mark IX units,

GENERAL REVIEW

i The Mark IX (Modified) Underwater Breathing Apparatus has been reviewed for

e the purpose of discovering potential failures in components and parts and their effects on
: the apparatus and its users. Included in this review was a consideration of the function

§ of each piece of apparatus, and whether this function was adequately performed. This
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TARLE | SUMMARY OF DESIGN FAULIS IN THE MARR IN APPARAILUS
K
Jras— = — - e -
Cumponent/ Part Primary Faults Conclurione Xematkes 13
Dachpach :-‘\Ilgmnnni tate ;ylu Lane e:lpn: ok of ba k-up' T Yaulte are minar ang vasily car %}j
. plates tor toggle dampo ns) caudve ase frscture | rected howeser, scratihing by L
1Mo riar hardaare scratches coated surface of hardware 18 serious -
eiergency cylinder 3
Baergenty Cylinder Depsuds upon prutectave cosiing for corrasion ‘etae san rosult in at-ere
resistance, and soating 1s wasily svratihed . et cavking lower
cylinder 18 nat DOT -spproved ! s v o7 outtics age DOY ]
approcen o]
Vilve diemy :l\.ulemmu (fnuugh'bo.u:xn; of ba kpack nakes : Valve can be destgned (o vpntate ';
t valve susceplivle to damage X trom sade, or avver can be 2
attasfied 3
reasure Regulator Qutlet prossure inireases a9 \yhindor 15 depletca Hegulator better suited te diving 3
must be sat for specific mirnion depth vperations (an be usest i
Flow Control Bladk t:;
f
Detmnand Regulator Untialanced desigh results 1 increase in outlet Hegulator 1 an be designed toz 3|
Pressure as inlet pressure inireases balanced vperation 4
Orifice Assembly :Or.m:v: ate ﬁuénh.néa;ble ;u\. and Frmes abile : Orifice and rTeiainer can be buil? "
1 trom, tetainer assemblies possihile to have 1 as «he wnit with esternal
: lr_\cur!ct‘l _.lge'_ or ll\\_ll‘mp.hul"llhe tal . : wlentitication as tu size
Cameter :-h.v be used \;h;niu;\pkx) “or when C\'nt;:r:m-‘ T : Aeothad peeded to show buth pres
k! + _exhausted Baralyme al ' ence and condition of Baratyie
g — without removal fram backpack -
~: Hoating Blarkes Electrical lead inn are not necurely anchored 10 Secure, insulatec anchor 1»
8 canistrr, and mated electrre ) plugs invite use as required .
?é litting handle  lead ine may be brohen or pulled .
;g out .
2 Hoating Jachet Haat 15 1ot to the sea at least as rapidly as it s Eaterior «f the saihet camster .
3@ transtcet rod 1nto the vanister asseinbly should be insulated ‘ s
?j Fitler Cap Spring plate turns as cap turne, grindung the Spring should be designed 1o turn ! #
g Naralyme teecly wn the cap R
3 Breathing Dage .
k3 . . = . - - - . »- v a = e a ~
x Drain Cape 1Caps are attached, vut of sight, in vest pockets and)  Possidle to enter water with vaps !
B « May be overlovked in prolinunary setup ! otf. casrer meshod of capyang ! :
N ard (heckmg required
M
M Mouthpiece " T Assembly No design {aulte, although
i handling pracedutes may
5 produce tajfures ..
£
i Exhaust Valve No design taults, although
B> pPressuty-range reQuitements
4 ot dinver should be (he hed
1 T I T T
Y Vet il\ng pocket design requires tugging on bage to insect Dag pockets should complately
_7 , theman pachets  poeadbility of tearing bagy _= open {rom fronts or sides for
£ easy nseihion
Demand Breathing Unst
X
> Whitey Cutatt Valve Can result \n oxvess prexsure at domand hose, pos- Valve with pressure -teliet apa-
* aidble bursting, f regulatoe leaks while valve 1o ity should be uned
E: shut
< Futinge/Connectors
‘: Nipple Irom Preasure Incorsect nipple was used 10 3t least one case (non Aditerence 1o design togquitements,
3 Regulator vorroaton-iseretant} with rosult that rust fell rather than (onvenience, should
- into control block govern assembly of apparates
39 Coupler and Elbowns :i’.;)c‘rozl “I?l‘ therada re:{ul-rﬂ'th.r use of thread” ‘: Straght -thraaded fattings and
s at Control Block 1 sealant, Tetlon tape ahrede and particles ¢all ] O-tings would be preferadle
E: : mta contrat block J _:
N . . TR s L e e T Ul < .
N Elbows at Control {glbo\u_m une are not rated for the preesures uned.} Futings should de obtained to
i Black meet unctionat requirements
< Howee
N Umbilical Supply 1Hlose 15 not'anchored to a'pp'nr'u'\u except by con 1, Secure anchor to case should be
s : nection to control block, pull on hose mayv dislodge! pranidedt
I, components, cause leake N R . L. :
Lemand Flow flose 1o not anchored 1o a.pp-nr‘u‘u-'a;c;pl- by con: H Sevure anchar te case should be

|

: nection to control black, pull o hose may duk\dp: provuded

p components, cause leaks

H } Material and rating of hosesfag-

' H tings should be specifiod, hose
asseindly should be tested

Rose 1 made up "on'the opor® v;lﬁw;u.pr.n'-\;te-
_proof test

Later Flow

(a} These are more operator faults than denign faults 1n that strict adherence to predive setup and checklist procedures
should prevent thetr acvurrence  However, desgn changes can lessen the possitilaty of the necurrence of these
WO OPETALOT errare conung about through accudent or negligence
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General Review ts an overview of eacl major component of the apparatus, 't is the broad
base from which details were explored, As such, it i1s the basis for the moi¢ detailed
review encompassed by the Failure Mode and Effect Analysis,

Mark IX (Modified) Underwater
Breathing Apparatus

The Mark IX (Modified) Underwater Breathing Apparatus 1s designed to operate as
& semidloged-circuit, nuxed-gas breathing apparatus, with breathing gas supplied
through an umbilical hose fromi a source external te the apparatus. In an emergency,
‘he apparatus may be used in the open-circuit demand mode with the umbilical supply,
or a rescrve gas cylinder, carried as a part of the apparatus, may be used as the emer-
gency supply in either the semiclosed- or open-circuit mode.

The major components of the apparatus are the reserve-gas cylinder; a pressure
reducer-regulator connected to the cylinder; a flow-control biock through which all the
breathing gas passes and which contains a first-stage regulator for the demand breath-
ing unit; a demand breathing unit consisting of a second-:ctage regulator and a mouth-
piece; a camster for holding carbon dioxide absorbent: inhalation and exhalation breath-
ing bags; an exhaust valve to regulate and relieve system pressure; and cither a re-
breather mouth; i 2ce or a helmet assembly.

Backpack

Desc riEtion

The backpack is a streamlined case especially designed for the Mark IX urnit. It
contains and supports the gas-purification canister, the Mity-Mite emergency-gas pres-
sure regulator, the emergency-gas cylinder, and the flow-control block. Originally
constructed in one piece, the unit has been modified to a case and cover, secured to-
gether by means of four metal toggle clamps.

The emergency cylinder is held inside the case by means of a clamp and a bracket
that is attached to the case with two screws. The canister is held inside the case by
means of a spring-loaded retaining cable. The pressure regulator and control block are
not sccured to the case, but are retained in place by a yoke assembly between the cylin-
der and regulator, by a quick discennect fitting between the regulator and the control
block, and by the canister pressing agaitst the control bleck.

There are four circular holes in the bottom of the case for drainage and for access
to the emergency-cylinder valve handle and the control-block purge-valve handle, and a
hole in the side of the case for access to the emergency-cylinder clamp screw.

The backpack is secured to a nylon diving vest by means of a brass rod and six
snap fasteners. The L-shaped rod has a 3-inch leg on one end, and is retained by {itting
this leg down inside the case.

The case and cover are fabricated of glass-fiber-reinforced polyester, using
standard methods of hand lay-up. Individual. one-piece units have been handmade by a
local {Buffalo, New York) job shop under contract to Scott Aviation and modified by
Battelle -Colunibus.

BATTELLE MEMORIAL INSTITUTE ~ COLUMBUS LABORATOMES
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Manufacturing/ Assembly Controls and Tests

After fabrication, euch unit receives a visual and dimensional check by Scott.
After modification, 1.e , splitting intu two preces, and the addition of four stainless
steel toggle clamps and eight stainless steel alignment tabs, the unit receives a visual

and dimensional check and an inspection to insure that the clamps are secure and that
they adequately fasten the cover to the case.
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Critical Areas 11
{

|

The toggle clamps are attached to the case and cover with no reinforcing backup ;‘
plates where attaching screws penetrate the fiber-glass walls. Case breakaway prob- ‘
ably will occur at these areas.

All hardware and attaching screws are stainless steel.

However, stainless steels
are susceptible to stress corrosion in ocean environments, as well as to crevice cor-

rosion in seawater. Different types of stainless steels have different corrosion suscep-

tibilities. The steel types used in the case, and thus their corrosion susceptibilities,
have not been identified.

Snap-fastener eyelets are attached through the wall of the case without reinforce-

Continued use may result in fracture of the plastic near the snap, with subse-
quent gross fracture of the cover and/or pull-out of the eyclet,

ment.

N i AT R

e

3

Snap fasteners on one of the cases examined were not corrosion-resistant mate -
rial, but depended upon paint for protection. As the paint flaked off, the snaps rusted.
They will corrode either to the point where continued use results in breakage, or to the

point where they pull out of the case. Corrosion may be accelerated because the match-
ing halves of the fasteners, attached to the vest flap, are brass.
L

LAY

The screws used to attach spacers and the bottle-retaining sleeve are countersunk
in the case walls. The thinness of the walls and misalignment of holes result in the
screw heads digging into the walls, cutting and delaminating them.

Misalignment also
results in the screw heads being canted, with a sharp edge rising above the flat surface

29

i

zé of the case. This ¢dge may snag or demage other i1items.
A

k>

The bottle -retaining clamp (Suretite} is a strap that is tightened by means of a
screw assembly. This screw assembly is spot welded to a portion of the strap and,
although the material is "'stainless™, rust has appeared in this area. The spots possibly
were not passivated after welding.

The cover is mated to the case using alignment guides.

However, these guides
are so designed that no play is allowed to position the cover, with the result that the

guides split the sdges of the case, compounding the difficulty in attaining alignment.

Although each unit is subject to visual and dimensional inspection, there is no set

inspection standard for number and type cf defect or acceptabie/rejectable dimensional
deviation. Nor is there a specified crushing load that the case ynust zustain.

N A BAT VN I UL
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The backpack has to be handled frequently and, therefore, is subject to dropping,
s both empty and loaded, with vonsequent damage to the case and/or cover, misalignment
s of cover, stress on toggle clamps, musalignment of components inside, and mechanical-
shock damage to those components.

Y

Recommendations/ Remarks

R TR e

2 Because of the limited number of backpacks produced and the hand-operation
character of the fabrication procedure, there i1s no standard qualification {est applied

4 to the backpack. There is no guarantec by the manufacturer that materials or methods
% will not be changed. At the least, before acceptance of a backpack, the supplier

: should be required to attest that a representative sample has passed crushing and drop
ii tests.

Drop tests should be performed on representative samples both with the backpack

empty and with loads simulating the weights and locations of the components normally
contained within the backpack. The acceptable types of defects should be specified,
as well as the crushing (compression) weight that the backpack must sustain without

fracturve of the case or cover, damage to the toggle clamps, or misalignment of the
cover on the case.

e;"“i'y-‘ SCCN

Ty

Positioning guides should be redesigned to eliminate damage to the case. Al-
though these may be nylon strips bolted to the edges of the case, they would be more
. satisfactory as an edge or lip cast in place during fabrication of the case. This would

eliminate damage to, and corrosion cells with, the cylinder and canister by bolt heads
or nuts.

Y
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Metal backup plates should be used to reinforce the toggle clamps, both on the
case and on the cover. These should be of the same composition as the toggle clamps.
The material for the clamps, plates, and bolts preferably should be an alloy chosen
specifically on the basis of seawater serviceability. Backup plates may be '"cast in

place"” during layup, or may be threaded vo accept attaching screws, .hus eliminating
the need for separate nuts. '
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The stranded wire cable used to hcld down the canister is susceptible to crevice
1 corrosion, and should not be of austenitic or ferritic stainless steel.

Reinforcing plates should be provided for the snap-fastener eyelets to distribute
the fastening and unfastening loads over a larger surface area of the case and cover.
Plates should b  1lvanically compatible with the snap material. 3Snaps should be
k- Z corrogion resistant and compatible with snap halves attached tc the vest,

Emergency-Gas Cylinder

fiitasn
>t 2ot
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Description
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The emergency-gas cyliader is a 150-cu in., 3000-psi-service-pressure bcttle
manufactured by Walter Kidde Company. It is made of drawn 4130 steel with a
welded-on top. A valve assembly is attached to the cylinder by means of a threaded

™
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adapter. The threaded adapter has 1-5/16 - 12 threads on one end that mate with the
steel cylinder. A standard 1/2 - 14 NPT thread is provided in the fitting for attachment

with the valve assembly. A rubber O-ring between the threaded adapter and the cylinder
prevents high-pressure gas leakage.

The valve assembly is a modified Type K diving valve. A safety-cap boss has
been brazed to the body of the valve and a tap made into the high-pressure side of the
valve, A safety-cap assembly is threaded over the boss that houses a 3800-psi shear-
type frangible safety disk. A condensate tube is attached to the end of the valve that
fits into the cylinder to help exclude moisture from the system. A valve plug with a
rylon seat is threaded through the center of the valve body to close off the high-pressure
gas. A valve stem keyed to the valve plug drives the plug. The valve stem is positioned
and sealed by a packing nut in the valve body. A compression spring bearing against
the valve body and a flange on the valve stem forces the valve stem into the pack-
ing nut. The pressure outlet is on a flat surface of the valve body for connection into a
pressure regulator (Mity-Mite). A seal is effected on this surface with an O-ring,

The cylinder is held inside the backpack by means of a sleeve and a clamp that is
attached to the case with two screws

This cylinder is a modified Kidde item (Kidde Part Number 240959, modified) in
that it does not have the internal coating usually applied for oxygen service, and 1s ship-

ped from Kidde witli only a primer external coating. Scott Aviation takes care of pro-
viding internal and external coatings. (3)

Manufacturing/Assembly Controls and Tests

The bottle was designed originally as a 3000-psi pneumatic unit for life-raft infla-
tion, and was built to Specification MIL~-R-8573. However, the modified bottle, as used
in the Mark IX apparatus, does not meet, nor is it manufactured to, this specification.
Also, this size bottle (volume/pressure) does not have Department of Transportation

approval and can be shipped across state lines only when it is specified for military
use. (3)

Each bottle is hydrostatically tested to 5000 psi and has a theoretical burst pres-
sure of 6667 psi.

Criti~al Areas

The steel used for the cylinder (4130) is susceptible to corrosion and must be
protected by a coating. However, coatings usually are easily damaged and a scratch
through the protective covering will result in severe localized corrosion. Such corro-
sion may extend under the coating on contiguous areas. Corrosion in the case of gas-
containing cylinders is particularly dangerous because of the high tensile stresses gen-
erated in the external surface by internal pressurization. .his combination of corrosion
and high tensile stress may result in stress-corrosion cracking.

Hardware in the backpack is located such that the cylinder coating is severely
scratched, giving rise to rusting and the possibility of stress-corrcsion cracking.
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Galvanic corrosion, with accelerated rusting of scratehed areas, may occur also be-
cause of the electrochemical dissimilarity votween the hardware and the bottle sub-
strate.  Such rusting also may take place betwoen the neck of the bottle and the valve
adapter. [In this area, crevice corros:ion may occur,

The interface between scratched
areas on the bottle and the sleeve securing the bottle also 1s susceptible to erevice cor-

rosion as are the areas under the heads of the screws that secure the mounting bracket
to the case.

The valve handle has been designed to extend through the bottom of the case so
that the diver may initiate and regulate emasrgency-gas flow. However, the valve, i
this location, is exposed to accidental blows that may damage the valve and/or result
i a malfunction during emergency use,

This location 18 such that, 1f the diver sits
while wearing the apparatus, the valve may be damaged or the connection between the
pressure regulator and the control block may be stressed.

The bottle is not DOT -approved and 15 net, therefore, certified as meeting the
stringent requirements imposed for oxygen service,

Nor 1a the bottle a "standard® size
that is casily procured

Recommendations/ Remarks

The possible use of a different material for the cylinder should be investigated.
One of the requirements should be reduced corrosion susceptibality in scawatar,

: Mate -
rials design also should extend to the selection of compatible materials for attachments,
fittings, and hardware.

Hardware for positioning and securing both the cylinder and the backpack cover
should be located so that it does not damage the cylinder.
specified for the coating, itself.

|
|

Handling care also should be \

In order to meut DOT requirements, and to assure stricter procurement rules,
a standard-size bottle may be used.

This may require the acceptance of a lower work-
ing pressure and, thus, a shorter operating time.  Minimum and optimuum acceptable
operating times should be determined and pressure/volume requirements should be
valculated in order to specify a standard bottle.

A new location for, or a mweans of protection of, the valve handle should be inves-
tigated.

Possibilities include a valve handle extending through the side, rather than
through the bottom, of the case or

casy-opening enclosure for the present valve
handle.

Emergency-Gas Pressure Regulator (Mity-Mitej

Descrigtion

The Mity-Mite (Grove Part Number 94W) ia a gas-controlled, dome-type unit that
is used in the Mark IX apparatus to reduce and regulate the pressure from the
emergency-gas cylinder to the flow-control block.

It is attached to the cylinder-valve
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assembly through a voke asseimbly, and to the control block by means of a quick-
disconncct fitting. It is not sccured otherwise within the backpack.

The Mity-Mite originally was designed by the Grove Valve and Regulator Company
for use with flame throveers, but there have been many adaptations of the original de-
sign for various users. (1)

The interior of the regulator ordinarily is Type 416 stainless steei, althougha
comparable regulator in Type 303 stainless steel is available. (4) The exterior of the
case is available cither in 303 stainless steel or in Dural (aluminum alloy). (5) The unit
used for the Mark IX is Type 303.

The valve spring and diaphragm spring are 18-8 stainless steel, while the push (
rod, needle valves, and poppet are Type 416 stainless steel. The valve seat is an as- ‘
sembly of stainless steel with a nylon or Kel-F valve-seat seal. The diaphragm and
O-rings are nitrile synthetic rubber manufactured in Grove's own plant, (4

In sctting up the regulator, the dome is set to a pressurc slightly higher than
outlet press tre. A sensing passage within the regulator exposes the underside of the ’
diaphragm to the downstream line pressure. When the downstream pressure falls below
the set outlet pressure, dome pressure acts on the upper side of the diaphragm and
opens the inlet valve against its spring to maintain the set pressure. When flow is
stopped, downstream pressure will rise, overcome the dome pressure, and close the
valve. In casec of diaphragm rupture, the regulator will fail closed. (5)

Manufacturing/ Assembly Controls and Tests

After manufacture of parts, the Mity-Mite is cleaned and assembled under "clean-
room" conditions. Cleaning is to Grove's Specification WC-2 (Superclean), which is
the same as MFSC-SPEC-164, cxcept that no nonvolatile-residue analysis or acidity
checks are made. (4) Parts are never handled with bare hands. The assembled unit is
functionally tested within the clean room. (5}

All synthetic-rubber parts used in the Mity-Mite are produced by Grove. Repre-
sentative samples are tested for resilience, strength, flexibility, and swelling resis-
tance. Individual O-rings and diaphragms are inspected visually for defects before
being released for use in a regulator.

Critical Areas

The Mity-Mite valve is unbalanced, with the result that a change in inlet pressure
will produce a change in the controlled, or outlet, pressure. For cach 100-psi decrease
in inlet pressure, the controlled pressure will increase 2.6 psi. Usc of the Mity-Mite
with the emergency cvlinder will result in a steady increase in pressure to the control
block as the emergency gas is used and as cylinder pressure decreases.

The stainless steels used in the Mity-Mite include Types 303 and 416. () while

Type 303 is an austenitic steel with adequate chromium to insure passivity, Type 4106
is a martensitic steel with much less chromium, although with at least enough to
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produce passivity. However, Type 416 apparently has been chosen for its hardenability

as well as for its stainless quality. But neither steel was chosen specifically for sca-
water duty
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The cight screws that secure the body to the dome are cadmium-plated steel.

" These screws were chosen on the basis of strength. And, as long as the cadmium plat-
ing remains intact, they have adequate corrosion resistance by themselves. However,
cadmium is anodic to stainless steels in seawater and, as such, is prone to corro-
sion. (6) In addition, cadmiwm plating may have faults, so that substrates are exposed.
in either case, the loss of plating integrity exposes the steel screws to corrosion, par-

. ticularly to crevice corrosion and potentially to stress-corrosion cracking. This
creates a hazard for personnel who adjust the regulator, as well as to the divers, be-

cause of the high internal pressure of the regulator.

AL A
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The Snap-Tite nipple (BPHN+4-4M) located at the outlet to the control block has, on
occasion, been replaced by a steel nipple. This part, located between two more ca-
thodic massive components, has severely corroded. Corrosion has introduced the po-
tential problems of gas leaks, separation of regulator and control block, and corresion
debris fallisg into the regulator or control block.

s EE VLRGN G ISHIEEOED)

The Mity-Mite regulates only the gas from the emergency cylinder and probably
will be used only when the umbilical supply fails., Therefore, if the diaphragm should

rupture, the fail-closed feature of the regulator will deprive the diver of his only source
. of gas, other than buddy breathing.
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Recommendations/ Remarks

Although it has been used successfully in diving and is relatively easy to service
and maintain, the Mity-Mite regulator is not necessarily the best pressure regulator
‘. for life -or-death emergency use. A different regulator could be used to provide a pres-
sure of 50C psi over ambient pressure, provide balanced operation from 1000 feet to the
surface, and provide a higher flow than that required while still giving 10 minutes use
i on the present emergency cylinder. The incorporation of such a regulator into the

. Mark IX system should be considered. The inclusion of a fail-safe, i.e., fail-open,
g feature also should be investigated.

RSOk B A

At

Should the Mity-Mite be retained, an alloy having higher chromium content should

be specified for the interior of the unit. Typs 303 interior and 17-4PH parts may be
suitable.

Cadmium-plated screws should be replaced with fasteners that are compatible with

stainless steel in seawater. In addition, a means of sealing crevices on the unit should
be investigated to prevent crevice corrosion,

It is unlikely that stesl nipples will ever be used again, The correct material will
be specified in future drawings.
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Flow-Control Block

Descrietion

The control block, designed and fabricated by Battelle-Columbus, performs the
central control function in the Mark IX breathing apparatus. Gas cither from an umbili-
cal supply or from the emergency cylinder is supplied to the control block. The block
delivers this gas in either the semiclosed-circuit rebreathing mode or in the open-
circuit demand mode.

The umbilical-supply gas is fed through a replaccable orifice in the block. Up-
stream pressure on this orifice is kept at approximately twice the ambient pressure so
that sonic velocity flow occurs and a constant-mass flow rate is provided.

A first-stage regulator is built into the control block to allow direct demand
breathing. This regulator provides approximately 135 psi to its delivery port with an
input pressure of 200 psi.

A purge valve provides a supplemencary flow of gas to the system. Operation of
the purge-valve lever releases gas to the orifice discharge port through the first-stage
demand regulator, bypassing the flow-control orifice. When the lever is released, flow
from the regulator to the orifice discharge port ceases.

The inlet, main, and retaining blocks, assembly screws, purge-valve lever and
knob, and most internal parts are brass, while the purge-valve-lever pivot screw,
the lever roll pin, the orifice screen, and all springs are stainless steel. O-rings are
Buna-N elastomers. All internal bores are hard-chrome plated, and the purge-valve
assembly and regulator piston . electroless-nickel plated.

Manufacturing/Assembly Controls and Tests

The control block has been hydrostatically tested. While a pressure buildup to
maximum has not been possible because the particular test conditions result in too high
a flow through the orifice, peak pressurcs of 4500 psi have been applied repeatedly with-
out failure or damage to any component. (7)

Orifice -flow tests and purge-flow tests have been performed and found to be satis-
factory, The design was further verified by test on the EDU breathing machine and by
dive testing. (7)

The extremely limited production rate and the handcrafted and near-cxperimental
nature of manufacture and assembly have precluded the development of a specific, for-
mal, quality-control program. However, each control block, in the course of fabrica-
tion, is given a dimensional and operational check.

Critical Areas

The orifice to be used at any one time is selected on the basis of diving-mission
requirements, Orifice replacement is easy, requiring only the unscrewing
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and extraction of the orifice-retainer assembly. However, orifice sizes are not identi-
fied on the retainer; orifice assemblies are interchangeable on the same retainer; and
it is impossible to determine, without removal of the retainer, that an orifice is in
place. In this last case, it is unlikely, but possible, for a diver to use a unit that does
not contain a flow-control orifice even while a retainer, that implies the presence of a
correct-size orifice, is in place.

The first-stage demand regulator is designed as an unbalanced unit. That is, as
inlet, or reference, pressure increases, pressure to the demand breathing unit in-
creases. Conversely, if inlet pressure decreases, outlet pressure also will decrease.

If outflow from the liter-flow port is blocked, e.g., by a kinked liter-flow hose,
pressure will build up on the downstream orifice of the first-stage demand regulator.
This will cause the regulator to close tightly, to such an extent that the piston plug may
be damaged. This may affect subsequent regulation once the blockage is cleared.

Difficulty has been encountered in retaining the regulator piston plug in place. Dis-
lodgement of the plug results in loss of regulation. However, this problem apparently
has been solved by lengthening the plug and seating it deeper into the stem end.

The purge-valve-lever pivot screw and the roll pin are both stainless steel and
both are susceptible to crevice corrosion. Unless this results in nearly complete dis-
integration or falling out of the item, corrosion of these items will have little appreciable
effect on operation of the apparatus. Even complete loss of the item will not be critical,
but will result in some inconvenience to the diver. However, the apparatus should be
designed to eliminate, as far as possible, any corrosion.

The elbow fittings at Ports 1, 3, and 4 were not designed for use with pressurized
gas, but for service to 125 psi. Operational pressures excecd this, although they may
fall within the burst limits of the fittings.

Neither the liter-flow port (Port 4) nor the demand-flow port (Port 3) contain
check valves. In the event of a fitting or hose leak, the gas pressure within the block is
depended upon to keep out water.

Holes to accommodate the screws that secure the inlet and retaining blocks to the
main block are, for the most part, counterbored. Screw heads accept a common-point
screwdriver. Unless the tip is the correct size, and the screwdriver carefully used,
metal slivers will be shaved from the edges of the counterbores. These slivers may
cut the assemblers, damage other equipment, or fall into gas passages.

Screw holes also are even and symmetrically spaced. The inlet block therefore
can be secured to the main block in an inverted position.

Tapered threaded fittings are used on the control block. These necessitate the
use of a thread sealant/lubricant. Teflon tape is used for this purpose. The tape has a
tendency to flake and shred, with particles falling into the control block. Here they
may accumulate or combine with O-ring lubricant to restrict flow or cause binding of
check valves.
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Eleven O-rings are used within the control block for both static and shiding seals,
These O-rings are susceptible to contamination during assembly and to solvent attack
during cleaning of the control block. Cleaning solvents and lubricants also may cause
O-rings to swell. This swelling, in conjunction with sliding, may result in the slipping
off of the 0.008 O-ring on the regulator piston.

Recommendations/ Remarks

A method that does not require removal of the retainer assembly should be de-
vised to indicate that an orifice of the correct size is in place within the contraol block.
Pessible methods include a one-piece orifice-"retainer' assembly and a spring wscert
that will indicate by its resistance to applied pressure that an orifice is in place. For
this latter method, retainer assemblies must be designed to {it only one size of orifice
assembly.

The demand regulator should be designed as a balanced regulator, The first-
stage regulator usually used with the Titan II unit 1s a balanced regulator.

The plugging of the liter-flow outlet is unlikely to occur during ordinary use of
the unit. However, blocking may occur during testing, and may result in damage to the
piston plug. Thercfore, the plug should be checked, as should action of the regulator,
whenever blocking or plugging has occurred.

Efforts have been made to mount the piston plug more securely in the stem end of
the piston. The latest method entailed lengthening the plug and scating it deeper into
the stem end. However, this still is a press fit, and slippage may occur, In case the
plug continues to slip, another, morce permanent, method of securing it must be used.
A nonhardening gum or resin may be applied to the inner end ¢! the plug, epoxy cement
may be used, or induction heating may be applied to fuse the nylon to the brass.

It would be difficult to seal either the purge-valve-lever pivot screw or the roll
pin after installation, as there is relative motion between these items and the materials
through which they pass. However, the pivot screw may be coated prior to installation,
thus decreasing the danger of crevice corrosion. A preferable solution would be to use
a brass screw and a brass roll pin.

Fittings expressly designed for pressurized-gas service should replace the tap-
ered pipe fittings currently in use. Replacement with straight-threaded fittings also
will permit the use of O-rings and the elimination of Teflon-tape thread sealant with
its attendant shredding/debris problem.

As long as pressure within the breathing system is greater than sea pressure,
water in appreciable quantity will be excluded from the control block in the event of a
lecak external to Ports 3 or 4. The use of check valves at thesc ports will not increase
the safety factor against water intake becausc gas pressure greater than water pressure
will tend to force the valves open against the sea pressure. In addition, the use of such
valves may tend to restrict gas flow and/or to result in pressure buildup with its con-
scquent effects on the pressure regulators,
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To decrease the problem of metal shavings falling into breathing-gas passages,

and to eliminate a potential sharp-edge danger, the fillister-head screws should be re-
placed with zocket-head screws.

Although the inlet block can be inverted 1n assembling the centrol block, the error
wil) be apparent when the unit is placed into the backpack and hookup to inle lines 1s

attempted. However, to preclude the mismatch of the blocks and the required reassem-
bly, the spacing of the screw holes should be nonsymmetrical.

Because of the importance of the O-rings 1n the control block, and the effect of
the failare of those O-rings used for sliding scaling, they must be handled carefully and

replaced frequently. They should be carefully chosen, taking in*o account their resis-

tance to swelling caused by lubricants and atmosphere. Solvents alse should be used
carefully. Residual organic solvent, such as trichloroethylene, even in very small
amounts, may adversely affect O-rings. The resultant deterioration in propertics may
cause loss of sealing or may cause O-rings to be susceptible to dislodgement from the
regulator pisie.. ~r purge-vaive steni.

Canister

Descrigtion

The canister 15 a stainless steel container designed by the Experimental Diving
Unit for the carbon dicxide~absorbing Baralyme.

It bas been modified by Battelle by

the addition of heaters for warming the Baralyme and thus prolonging its life.

A stainless steel water jacket is located on each of the two large sides (the front
and the rear) of the canister so that hot water may be passed over the surface of the
canister,

Water inlet temperature is limited only by the temperature of the water used

in the connected hot-water suit, and may reach 120 F. Flow through the jacket is
recommended not to exceed 1 gpm.

An electric heating blanket may be inserted in each jacket to take the place of the
hot-water flow. The heaters are rated at approximately 280 watts at 28 volts a-c, and
draw 10 amperes at this voltage. They reach a temperature of 110 to 120 F in air.

The water jacket is attached to the canister in two parts.

The bottom part is
screwed to the canister and permanently bonded, with the screws sealed with a high-
performance thermosetting resin.

The upper part of the jacket is mated to the lower
part by means of an H-shaped rubber extrusion that is permanently bonded to the upper
part. The upper part is attached to the canister with two screws.

The interior of the canister is d.vided, essentially, into three chambers by two

vertical perforated plates, or screens, and one horizontal solid plate at the upper end
of the canister. Approximately 8 pounds of Baralyme is contained within the central

i chamber by means of the screens, cnd plate, and a spring-loaded plate attached to the

filler cap.
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Gas from the exhalation bag passes into one side chamber and through one screen
into the Baralyme which removes the carbon dioxide. The carbon dioxide-free gas
passes through the second screen into the other side chamber and to the top of the canis-
ter. Here it is mixed with fresh gas from the control block before passing into the in-
halation breathing bag.

The basic canister is weld-fabricated by a local (Buffalo, New York) job shop

under contract to Scott Aviation. The water jackets are fabricated and attached to the
canister at Battelle's Columbus Laboratories. .

Manufacturing/ Assembly Controls and Tests

Each unit is visually inspected after welding, particularly the inside seams, and
passivated. Each is then leak tested to 5 psi and identified with a serial number,

After the water jackets have bven attached, they are tested for leaks with water
introduced through the inlet at a given rate. Leakage of the jacket is acceptable as long
as the rate is less than 50 percent of the inlet flow,

Heating tests have been conducted wherein inlet, outlet, and environmental tem-

peratures and water flow rate were involved. These tests were made to check the
jacket design and were not conducted for each unit.

Critical Areas

The Baralyme must be packed tightly and settled into the canister to eliminate )
channels through the absorbent. However, the rectangular cross section with the con- -,
sequent square corners is conducive to channel forming. Either the coiners themselves
serve as channels, or pellers settle into the corners after filling, leaving voids and po-
tential channels within the Baralyme mass. -

Excessive tapping to encourage settling during filling results in the production of
dust. If it enters into the breathing-gas stream, the dust may cause diver nausea. The
inversion of the canister to fill may increase the problem because this causes the larger
dust particles to settle toward the outlet port to the inhalation bag.

The filler cap contains a spring-loaded plate that is designed to press against
the Baralyme and help maintain the tightness of the absorbent packing and thus prevent
channels. In securing the cap after filling, the plate has a tendency to turn also. This
grinds the top layer of Baralyme, produces dust, and may cause pellet breakage. This,
in turn, may result in settling of the Baralyme and the formation of voids or gas
channels.

The canister must be checked prior to each dive to insure that the Baralyme is Vi
present, in full measure and in good condition. The canister must be removed from
the backpack and the filler cap must be removed to make this check.

The purpose of the canister heaters, hot-water or electric blankets, is to increase

the efficiency of the Baralyme and to extend the useful time of its carbon dioxide- .
absorbing action. The heat from water or a blanket must be absorbed by the breathing -4
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gas and circulated within the canister for maximum efficiency. However, at least as
much heat is lost to the sea as is transferrcd to the gas. i

The screws that attach the lower portior of the water jacket to the canister pene-
trate the canister wall. Although these screws are sealed, an incomplete seal may re-
sult in leakage of water into the canister.

Moisture contained in the exhaled gas may condense on the cold side walls of the
canister. This condensation may shorten the lire of the Baralyme at those sides.

Heating blankets have electrical leads extending from the top of the heating jacket.
These arc not securely fastened to the canister and may be pulled out or frayed because
of movament of the umbilical cable. The leads form a heavier cable that terminates in
male and female plugs. However, these plugs are joined when the blanket is not in use,
and the resulting configuration has the size and shape of a handgrip. Should this be used
to lift the canister, pullout of the lead-ins or damage to the blankets could occur.

The heating blankets presently used have a tendency to inflate during rapid decom-
pression. This may result in internal damage to the blaaket, e.g., wire/element
breakage.

Short lengths of flexible hose are attached to the exhalation and inhalation gas ports
of the canister by means of metal hose clamps. One is fitted with a male screw coupling,
the other with a female coupling for attachiag the canister to the breathing bags. The
hose clamps, although stamped "stainlegs', have shown areas of rust. Thus, in addition
to the natural tendency of the sharp-edged clamps to cut the hoses, the clamps may fail
through corrosion. Either would rcsult in leakage of gas to the sea and possibly of wa-
ter into the canister.

Recommendations/ Remazrks

The canister should be redesigned to provide more even and easier filling, easier
o inspection, more even heating, and reduced heat loss. Among the possibilities are:

the use of a top-filled circular cylinder; nonmetallic construction with molded-in-place
appendages for breathing bag attachment; scratch-resistant, transparent material;
double ~walled construction for hot-water circulation; heating elements embedded in the
walls. Transparent material probably would require the periodic use of an ultrasonic
cleaner to remove Baralyme dust from the interior walls.

If the rectangular metal canister is retained, the insulation of all exterior sur-
faces ~ canister and heating-jacket walls - should reduce condensation and extend the
. useful life of the Baralyme.

Insulated clamps should be used to secure the electrical cable and the canister
blanket to the lead-ins. Also, the configuration of the cable should be changed so that
. mated plugs do not appear to be a handle.

The end of the apring from the compression plate in the filler pcrt should be de-

! signed to fit into the cap in such a manner that it rides freely as the cap is turned. This
| will eliminate the grinding action of the plate against the Baralyme.

BATTHELLE MEMORIAL INSTITUTE - COLUMBUS LABORATORIES
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A method should be devised for determining whether the canister is adequately
filled with Baralyme and the condition of the Baralyme, while the canister is in place
within the backpack. in lieu of this, the canister must be made more readily accessible
for inspection, without the necessity for removing gas fittings or filler cap.

» -

The screws that secure the water jackets to the canister present a potential but
minor problem. Seal failure with subsequent corrosion could increase this problem.

A different method of attaching the jackets should be investigated, e.y., brazing or ,
welding followed by passivation. e

Breathing Bags

Descrigtion

The breathing bags, roughly kidney-shaped, are designed to fit over the diver's ‘
shoulders, down his chest, and into long pockets in the diving vest. The inhalation )
breathing bag is on the diver's vight, the exhalation breathing bag is on his left. !

Both bags have molded-on appendages at the top rear. Screw-type fittings are
attached to these appendages for securing the bags to the canister. The fitting on the

inhalation bag is female, the one on the exhalation bag is male, thus preventing inad-
vertent switching of bags.

Also, near the top of each bag, but on the side away from the diver, are short
molded-in-place appendages to which the breathing hoses to the mouthpiece (or helmet)
are attached. The hoses are secured by means of metal hose clamps.

A male-threaded drain opening is located at the lowest point of each bag. The

bags are reiniorced in this area to reduce tearing. The caps for the drains are attached
to the vest, inside of the vest pockets.

The exhalation bag har a reinforced opening for instailation of the exhaust valve.
The exhaust valve is secured to the bag by means of a metzl hose clamp.

The inhalation bag contains an anticollapse device to prevent the diver's gas sup-
ply from being cut off when he rolls onto his right side. This device is a perforated,

stiff, flexible hose that runs between the inlet fyom the canister to the outlet to the
mouthpiece breathing hose.

-

Prior to initiation of gas flow, the bags are collapsed within the vest pockets. As i
gas enters the system, because it is a semiclosed circuit, both bags tend to inflate. As
the diver inhales, gas from the inhalation bag is replaced by fresh (and purified} gas
from the canister. On exhalation, breathed gas is pushed into the exhalation bag and then

into the canister. As the pressure within the system builds up, excess gas is vented to A
the sea through the exhaust valve.

t
As gas fiows from the canister, it moves into the anticollapse hose, through the
perforations, and into the inhalation bag. On inhalation, gas flows back from the bag, -
through the perforations, and to the breathing hose as well ag directly from the canister, ‘}
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through the anticollapse hose, to the breathing hose. In the event that the bag collapses,
gas will continue to flow from the canister, through the anticollapse hose, to the
breathing hose.

The bags are fabricated of dipped Neoprene by a local (Buffalo, New York) job 3
shop under contract to Scott Aviation Scott sets up the mold while the job shop handles
the dipping, curing, and removal from the mold. Scott installs the necessary fittings.
The anticollapse hose has been fabricated and instalied by Battelle's Columbus Labora-
tories. The hose is a reinforced synthetic rubber

fanufacturing/ Assembly Controls and Tests

Manufacturing 18 essentially a handcrafting operation and no specific, formal,
quality-control program 1s applied. However, visual and dimensional checks of all bags

are made after fabrication. Leak tests at 1-1/2 psi are performed both before and
after fittings are installed.

The anticollapse device has been tested in use and found to function adequately.

Critical Areas

Although dipped Neoprene is easily fabricated, inexpensive, and lightweight, it is
extremely susceptible t» damage such as puncture and tearing.

Metal hose clamps are used to secure breathing hoses and the exhaust valve.
These clamps, although labeled ''stainless', have rusted in places. Cleaning of the
clamps is difficult, particularly as they are seldom removed, and continued corrosion
may result in fracture of the clamps and leakage at the hose-bag or valve-bag interface.
In addition, the edges of the clamps are relatively sharp and may cut into bag or hose
material, especially as hoses are flexed and as the valve stem is pulled.

The drain caps are attached to the inside of the vest pockets. In this location, %
they are difficult to secure and, being out of sight, may be forgotten in making the
equipment ready for use. Should they not be secured, or be left off entirely, water may

enter the inhalation bag and/or breathing gas may escape. They would be very difficult
to secure while the apparatus is in use.

Recommendations/ Remarks

Although a less fragile material would be desirable for breathing bags, the advan-
tages of the present bags outwaigh the shortcomings of the material. In addition to pre-
viouely cited characteristics, Neoprene is easily repaired in case of a puncture or
small tear. Additionally, the hags are protected within vest pockets and have a history
of acceptable operation. However, their acceptability would be enhanced by a new
method of enclosure within the vest. 7he present construction of the pocket requires
the application of considerable stress to the bags to pesition them correctly.

Hose clamps shculd be "insulated" from tag and hose material so that sharp edges
do not result in cutting. Also, clamp material should be corrosion resistant in seawater.
The label "stainless" is noi adequate assurance of corrosion resistance.
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Drain zaps should be secured to the bags, provision should be made for extending
the drain plug through the bottom of the vest pocket, or side access to the pocket should
be provided. This last choice also would mzke easier the insertion of the bag into the
pocket.

Mouthpiece "T' Tube Assembly

Descrietion

The mouthpiece "T'" tube assen.bly consists of a mouthbit, inhalation check valve,
exhalation check valve, and a "'T" that contains a DIVING/SURFACE ball valve.

With the ball valve in the DIVING position, breathing gas is inhaled by the diver
through the inhalation check valve. The exhalation check valve is pulled clos=d by the
inhalation, preventing spent gas from being drawrn into the mouthpiece. On exhalation,
the exhalation valve is pushed open, and the inhalation valve is pushed shut by the ex-
haled air. With the ball valve in the SURFACE position, neither inhalation nor exhala-
tion through the mouthpiece is possible, and seawater iz prevented from entering the
apparatus.

Rubber breathing hoses are secured to the inhalation and exhalaticn arms of the
"T" by means of metal hose clamps.

The mouthpiece assembly is fabricated of rubber, corrosion-resistant raetal,

nylon, and Teflon. It is supplied by Scott Aviation and is used for the Mark VI,
Mark VIII, and commercial apparatuses, as well as for the Mark IX.

Manuiacturing/Assembly Contzols and Tests

Both during and after assembly, the apparatus is inspected visually tc insure that
it is free of defects. After assambly, it also is subjected to leak testing.

Critical Areas

When not in use, the cutoff valve is supposed to be placed in the SURFACE posi-
tion. This is not always done. As a result, foreign objects and debris may fall into
the "T" assembly, where they mnay cause jamming of the cutoff valve or may affecy
operation of the check valves.

The DIVING/SURFACE valve lever is in an exposed position on the front of the
"'T" assembly where it is subject to potential damage in handling and stcrage.

Both check valves are important in preventing carbon dioxide poisoning. However,
they are not readily accessible for inspection.
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TV

Recommendationa/ Remarks

w2y

L4

A protective cover should be provided for the mouthpiece "T" tube assembly to
protect it when not in use. This cover rnay prevent dirt, debris, and other foreign
substances from entering the "T' assembly, and also may provide protection for the

cutoff-valve lever.
While not accessible for visual inspection, check valves are tested for proper ac-

tion prior to each dive Frequent testing, thorough postuse rinsing, and protection from
substances that may attack elastomers are adequate safeguards to counterbalance the

lack of visual inspection.

Exhaust Valve

(x4 r3 Y -~ 5 -
i FR MNP L T RN I AR T cowy g

Descr:gtion

The exhaust valve 15 secured in the exhalation breathing bag by means of a metal
band clamp. As the pressure within the breathing system and, thus, within tae exhala-
tion bag increases to a level above the combined ambient and valve-spring pressures,
the valve diaphragm is pushed out against the spring and gas is allowed to escape from
the exhalation bag. Gas flows out unti’ the resulting pressure within the bag is less than
the combined ambient and valve-spring pressures. The spring then is able to push the
diaphragm back, thus shutting off the escape flow of gas.

The spring pressure may be adjusied over a range that results in the diaphragm
unseating when the breathing-system overpressure is 1/4 to | psi. The pressure cet-
ting chosen by the diver supposedly 1s the one that results in the most comfortable pres-

.

sure for himself.

o
The exhaust valve is manufactured by Scott Aviation, and is widely used on diving ‘§
apparatus such as the Mark VI, Mark VIII, and Mark IX. The materials used are rubber ¥
and corrosion-resistant metal. A
Manufacturing/Assembly Controls and Tests b
E
Each unit is subjected to qualit -ontrol surveillance duriug assembly and to a 3
postassembly test. :
:
Critical Areas 3
P
The exhaust valve is susceptible to damage, both in use and in storage, because {
of its exposed position on the exhalation bag. The valve stem may be bent, and may
bind either in the open or shut position. This will resuilt either in a2 constant flow of
breathing gas from the valve, or in the inability to relieve excess pressure.
When the diver pulls on the valve stem to relieve pressure, the entire exhaust

valve is moved slightly, relative to the exhalation bag. This flexes the bag material

BATTELLE MEMORIAL INSTITUTE ~ COLUMBUS LABORATORIES
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aujacent to the metal clamp that secures the valve to the bag. Continued flexure, and
the cutting action of the metal band may result in a leak in the exhalation bag.

The plate end of the valve stem assembly presses directly against the diaphragm.
The diaphragm, in turn, »resses against an upening in the bottom of the valve body.
Dropping the exhaust valve onto the stem end forces the diaphragm sharply against the
edge of the opening and may result in cutting the diaphragm. This may result in a gas
leak through the diaphragm.

The valve is designed to open, within the range of 1/4 to 1 psi, at the pressure setk

by the diver. In practice, divers almost always adjust system pressure to near mini-
mum. This indicates that the adjustment range may be too high.

Recon. :..ndations/ Remarks

Information should be accumulated and analyzed to determine whether the range
of pressure relief is wide enough and the lower limit low enough for diver comfort.

Should it be determined that diver adjustability is nct required ~ aside from the
ability to manually relieve pressure, as is afforded by the pull knob - the possibility of
relocating the exhaust valve in a more protected area should be investigated. This will
help avert damage to the valve during use, handling, and storage. Relocation also would
eliminate damage to the exhalation bag from flexure and from cutting by the climp ring.

Vest

DescriEtion

The vest is designed as the support/carrier for the Mark IX apparatus. The back-
pack case is attached to a flap that hangs down the diver's back, extending from the
shoulders of the vest. At the top of the vest, behind the shoulders, is a second flap that
covers the top of the backpack case; this is secured to the case and the attaching flap by
means of snaps. The breathing bags are contained in specially designed pockets on the
front of the vest. Weights are enclosed in zipper-fronted pockets on each side of the
vest front. The vest opens completely down the front and is closed by means of a heavy-
duty nylon zipper. It is adjusted to the individual diver by means of side straps that are
secured by buckles.

Except for the metal snaps, buckles, and grommet:, the vest is completely fabri-
cated from nylon materials, including the thread. It is made by a local (Buffalo, New
York) job shop to the specifications of Scott Aviation. This vest is similar to those used
for the Mark VI and Mark VIII units.

Manufacturing/Assembly Controls and Tests

Using a master model as a ov'de, each vest is given a visual and dimensional
check. The zipper is tested for . : th operation,
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: Critical Arcas ¢
‘ :
X i, The vest pockets are so constructed that it s necessary to pull and tug on the ;
& relatively fragile breathing bags to insert and to remove them.  The weights, on the other ;
4 hand, are provided with long zippered pockets that allow extremely casy access, ‘
5
3 The front closure does not have a flap to protect the diver from beoing pinchoed by
the mipper as he pulls it shut. While this does not present o problem when the vest s
: WOrN over an unmersion suit, it may rosult in some pain or discomfort when the vest s
b worn over bare skin
g The flap that hangs between the backpack and the diver's back has had a coating,
3 probably elastomeric, apphied to the side on which the backpack resta This coating has
H a tendency to crack, and 1t may cause deteroration of tne nylon substrate
A4
173
1
& Recommendations/ Remarks
e The bag pockets should be redesigned so that the bags, with hoses attached, may
= be shipped into place from the front or siwde. An mner flap should then cover the bag
2 and be placed between it and the pocket opening, which should be secured by means of a
& . )
, aippor,
Ex bp
A R . .
v A narrow flap should be sewn inside the vest on one side of the front openimg Phas
A flap then should be used to bridge the front gap when the vest iz donned, thus preveating
poasible mjury to the diver's chest when the zipper s mipped up.
j: The neveossity for coating the vest back flap should be reevaluated.  Should a voag
W ing be required, one that s durable and compatible should be chosen.
e
G
¥ Demand Breathing Unit (Titan 1)
r.“,
2
5 .
& Description
< The demand breathing unit consasts of & first-stage reguiator, a second-stage
# regulator, a mouthpioce containing a flush-purge valve, and a breathing hose contamng
13 a cutoff valve. The first-stage demand regulator iz contained within the control block,
3 The Titan 11 second -stage demand regulator and mouthpicce comprise one assombly
p: The cutoff valve is located approximately midway in the breathing hose,
3 .
> The first-stage regulator produces operational prossures botween 130 and 150 pag,
i' depending upon the input pressure.  Broeathng gas at thus pressure 18 2upplied through
H the control block Port 3, the demand breathing hose, and the cutoft vatve to the zecond
i . stage regulator and demand mouthpicce.
3 - R , . | R .
G ‘ Finger pressure or mhalation cause the unit's diaphragm to deflect inward.  The
3
A i diaphragm proesses against a lover that withdrawa a rubber-faced seat from the inlet
3 paragmp 3
A : orifice, thus permitting gas (low,  Exhalation deflocts the diaphragm outward, releasing
£ :
P
A t
¢ 3
X3 .
-
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the lever. The spring-loaded stem then rescats, cutting off gas flow. Excess pressure
exhausts through a rubber disk valve,

The cutoff valve was installed by Battelle, not supplied by the demand-unit manu-
facturer. It has been inscrted in the line in order that the first-stage regulator may be
connected directly to the Kirby-Morgan helmet, when the helmet is used instead of the
rebreather mouthpiece.

The second-stage demand regulator/mouthpicce assembly is a Titan Il single-hose
regulator, modified by the elimination of the regular first-stage regulator and attaching
fittings. It is a product of the W. J. Voit Rubber Corporation and is fabricated of rub-
ber and corrosion-resistant metals. It is widely used in sports SCUBA equipment as
well as by commercial and Naval divers.

Manufacturing/Assembly Controls and Tests

The Voit Titan II has been evaluated by the Experimental Diving Unit and has been
placed on the Qualified Products List, QPL No., 24169.

A quality-control procedure has been cstablished and is followed during assembly

of the units. Each unit is bench flow-checked at surface pressure and the exhaust valve
is leak cnecked.

Critical Arcas

The demand breathing unit is emergency equipment and, as such, must be rcady
for uge with the least possible delay. The insertion of a cutoff valve into the demand
line, especially a ball valve such as the Whitey 43S4, may result in a delay in the use
of the demand system when the Titan II unit is used. Such delay is appreciably lcss
when the demand line is alrecady connected to the helmet, and may be even less when
a different type of valve is used.

Recommendations/ Remarks

The Titan Il is an uncomplicated unit with a gcud use history. Other than misad-
justment, mishandling, the use of damaged or deteriorated parts, or the natural wearing
out of parts, there are no major problem arcas.

The need { °r a ball valve in the demand-flow line should be reevaluated. Probably

a different, more easily operated, valve such as a push-button or lever-actuated valve
would suffice.

Breathing-(‘:as Lines

Descrigtion

Breathing-gas lines are comprised of hoses and fittings that convey breathing gas
between major units,

BATTELLE MEMORIAL INSTITUTE -~ COLUMBUS LABORATORIES

SN A S e P T TR




LR

X s

R b A el

Ry AL

2

Y o
v, 2L PeXLCD o

 pay

fURFRRE L

senare

W ote b Refd

RSO

dted s

w

e

-o “

P2g0r &t at

e

e fos o [ pr i ST ] o tiiasaie it o Lo

25

There are five breathing-gas hoses within the system: the main-supply hose that
connects the umbilical supply hose to the control block, the liter-flow hose that connects
the control block to the canister, the demand-flow hose that connects the control block
to the demand breathing unit, the inhalation hose that connects the inhalation bag to the
mouthpiece "T" assembly, and the exhalation hose that connects the mouthpiece "T" as-
sembly to the exhalation bag. In addition, there are two short lengths of hose, one that
connects the canister to the inhalation bag and one that vonnects the exhalation bag to
the canister. These latter are considered more as being extensions of the canister than
as being separate hoses,

The main-supply, liter-flow, and demand-flow Loses are flexible, nonkinking,
rubber hoses. The inhalation and exhalation hoses are flexible, corrugated, low-
pressure, SCUBA breathing hoses.

The main-supply hose is a Synflex pressure hose, /4 inch ID, supplied by
Samuel Mcore, Mantua, Ohio. The liter-flow hose is a 3/16-inch-ID rubber hose, un-
identified as to manufacturer or supplier. The demand-flow hose is a 1/4-inch-1D

rubber hose supplied by W. J. Voit Rubber Corporation. The SCUBA hoses are supplied
by Scott Aviation.

The fittings generally arc of three types: standard bronze pipe {ittings, threaded
hose fittings, and quick-disconnect fittings.

Elbow pipe fittings are threaded into the control block {Acroquip 45-degree, Cajon
street, and Acheson street) and the canister (Acheson street). Crimp-on threaded fit-
tings are secured at both ends of the main-supply and the demand-f{low hoses and on
both sides of the Whitey cutoff valve in the demand-flow hose.

One end of the main-supply hose screws directly to the 45-degree elbow on the
control block and into the other end is threaded the male half of a quick-disconnect
couple. One end of the demand-flow hose screws directly to the demand breathing unit,
while into the other end is threaded the female half of a quick-disconnect couple. To
each end of the liter-flow hose is crimped the male half of a quick-disconnect couple.

Quick-disconnect pairs are located at the following interfaces: pressure regulator-
control block (Snap-Tite Nipple BPHN4-4M to Snap-Tite Coupler BPHC4-4M W/SL);
main supply hose-umbilical hose (Snap-Tite Coupler SNC 3847-9 to unidentified nipple),
control block-liter flow hose (Hansen Connector 189 to modified Hansen Connector 185);
liter flow hose-canister (Hansen Connector 189 to Hansen Conncctor 180-S9); and control
block-demand flow hose (Hansen Connector 189-S9 to Hansen Connector 180-S9),

There also are threaded couplers attached to the breathing bags for securing the
bags to the canister. These are supplied by EDU.

Manufacturing/Assembly Controls and Tests

1f ordered to a specific requirement, hose assemblies are tested before delivery.
However, "off-the-shelf" items gencrally are only representative of items selectively
tested under quality-control programs,
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The Snap-Tite nipple, BPHN4-4M, and coupler, BPHC4-4M W/SL, are manufac
4 tured to MIL-C-51234 and to AQL standards. The Hansen 180 and 189 connectors are
; checked according to AQL standards.

3 Critical Arcas !
4

Flexibility and resistance to deterioration, collapse, and internal pressure are

all important characteristics for the hoses used in the Mark IX apparatus. On the bastx '
] of performance history, the hoses presently used apparently are adequate 1n these re-

1 spects. However, there are two areas of concern that require further evaluation: the ‘
3 preparation of the liter-flow hose and the installation of the cutoff valve in the demand- )
3; flow line. |
Y.

‘ No tests have been porformed on these hoses that will eatablish specification re-

o quirements for future procurement. The leak tightneas and joint integrity of the i
‘E crimped-in-place fittings on the liter-flow hose, and of the demand-flow hose with the .
;‘ cutoff valve fittings in place, are unknown,

E

Fittings, particularly the pipe fittings, have been discussed in conjunction with ‘
i other comnponents.

Recommendations/ Remarks

; [
t Environmental and pressure requirements should be established for the liter-flow '
: hose and for the modified demand-flow hose. Hose assemblies then should be procured

and tested to these requirements. ;
3

g

5

FAILURE MODE AND EFFECT ANALYSIS

o

; Each major component of the Mark IX apparatus was reviewed i an attempt to un-

é; cover potential failures and malfunctions of subcomponents and/or parts, the probable

causcs of these failures, the possible results of the failures and their possible effects
on the diver, action that could be taken by the diver, and recommendationa for elinu-
nating the cause of failure,

T

3 Many of the potential "failures" are so minor that corrective action may be op-

tional. Others already may have been corrected in the steady course of design improve-

ment and correction. However, there are others that, while minor in thomselves, may

3 have serious, oven fatal, consequences for the diver in deep water, |
! |

An example of the above type of "failure'" is one that results in a leak and, there-
fore, a loas of breathing gas. Leaks anywhere in the system are of two lovels of
. 8« riousness, The most serious is a leak while the emergency cylinder is in use. Such
N

W

L]
S—rr—

a leak may result in diver fatality if the cylinder is the only gas source available to the
diver. The less serious leak is one of umbilical gas,  This may result only in wasting

gas, although it, too, may result in diver fatality if the leak is such that pressure and
flow are insufficient,

i
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In both cases, there is little that the diver can do to correct a leak. His major
recourse is to return as quickly as possible to the habitat or PTC. Unfortunately, many
of the locations where a leak may occur are out of sight of the diver and he may not be
aware of a leak until too late, particularly if the leak occurs in the emergency mode.
Fortunately, most leaks will not occur spontaneously in use if the equipment is properly
maintained and set up. Also, most leaks should be detected during sctup procedures.

Another factor that partly determines the seriousness of a particular part "failure"
is the diver, himself: his awarcness of the developing situation, his knowledge of various
alternatives, and his ability to put them into action. This factor is difficult, if not im-
possible, to include in an analysis such as this. Therefore, for the most part, the effect
of a failure was considered from the most serious standpoint without crediting any prob
able corrective action by the diver.

Many of the "failures' noted in this analysis are detectable prior to use of the
equipment, in a proper predive setup procadure or predive check. However, the result
of the failure and its effect on the diver are reported as if the "failed" item were unde-
tected. This is in line with the reasoning that the most severe appraisal of the cquip-
ment will lead to greater safety in its use, and may result in more thorough and critical
predive procedures.

The analyses of failure modes and cffects are reported in Table 2.

DESIGN VERIFICATION

Good design requires that a part (1) be capable of adequately performing its func-
tion within the overall design scheme, and (2) be expected to perform its function for a
predictable, or reasonable, time.

The first of these requirements is met to some extent by the successful use of the
diving apparatus. However, a thorough analysis requires that individual components be
separately reviewed. This review is presented below in Tables 3, 4, and 5.

Table 3 is a checklist presentation of whether or not a component requires an engi-
neering analysis or evaluation, and whether or not such an analysis has been performed.
These analyses generally will be mathematical, although some may only be the compari-
son of the known characteristics of a part against its functional requirements.

Table 4 is a checklist of pressure and flow tests, indicating whether or not such
tests have been performed on the specific components and/or parts,

Table 5 suggests physical tests that should be performed, and the reasons for the
tests. In general, these tests are aimed at establishing requirements for later
procurement.

Closely associated with the predictability or dependability of the apparatus is con-
sistency in the usc of specific materials of construction. Failures and shortcomings then
may be traced to needed design improvements for the apparatus, rather than to incorrect
materials selection for individual units,
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TABLE 2, FAILURE MODE AND EFFECT ANALYS!S

Fart Mode Probable Cause Pousible Result Ponidle Effect on Diver Corrective Action Kecommendatton/Remaths
Backpack
Cover ot Cracking Dtopping when loaded, Snagging co other objects This may vecur in stotage o ser-
Casc placing heavy ftems by broken edges. pinch- up, but vobably nt (n use,
(ot sliting) on top of ing or abrading of hoses, Crarked covers (or cases) should
backpack, be getired from use,
Alfgnment Splisting of  Alignment tabs dig Difficult to align cover on Redesign alignment devices,
Tabs edges of into edges, case which, tn ten,
cae or encourages forcing cover
cover, down onto case with con-
sequent sdditional split-
ting: breaking away of
pleces of case and cover,
Snaps Cotroston/ Incostect matetial snaps Snap pullout ¢ breakous, This will occur gradually, not
erosfon used on caxe: depen- loose vest {lap that may suddenly while in use, Brass
dent upon paint coves- be snagged on obstruction, snaps should be used to match
ing for protection, he snap halves in the vent flap,
the case should be designed to
climinate the need foe a flap,
Toggle Breakaway  small backup for tetafn-  Looic o unaligned cover, This may occut 1 setup, but
Clomps of cax o ing nuts load Jistrtb. Pecbably not tn use,  Larget
cover uted over small area. backup plate to tetnfoece care
cover sdges and to distribute
load should be imbedded m
wall during layup, of separate
relnforeement plate shoudd be
used,
Canistee- Crevice Use of stranded cable, Separation of cable result- This will wecur gradually, no
Retaining cattosion Ing in tnsecurity of suddenly while i use. When-
Cable canister, ever coetaston s detected,
cable should be replaced, the
canister should be secured by
othet means,
Bottte. Cotrosfon Spot welds thai attach Separation of clamp band Although separation may vecus
Retaining clamp and ting peob- and tightening ring suddenly, castoston will be
Clamp ably were not tesulting in loose bottle Rradusl, Passivate spot welds,
pssivated, and, consequently, lovse
peessure regulatoe and
control block,
Cylinder Cracking Steess corrosion due to Explosion with dsmage 10 Fawl, {f cylinder is In Buddy breathe, Reposttion all trems that may
wall combination of suze test of appatatus {f frac- vse and buddy system if possidle, scratch cylinder coating and o
face high tensile stress tute s sudden, loss of not avallable; postbly et up & caerosion cells pertadic
caused by internal CMEIRENCY gas, fatal o tnjurtous frem (1) pressure test of cylinder,
pressure and galvanic fragments (f explosfon (21 wall thicknesn tess, (M e
corrosion caused by cells occurs, moval and tenewal of cylindet
st up between bate areas caoating to eliminate subsirate
(sctarches) on the steel cottaston, (41 remaoval of all
cylinder and the stainless fittings with cleantng and
steel nuts and guides on fnspection,
the backpack covet o¢
¢ tusted spot welds on the
- bottle clamp,
f Corrosion Defective ot sctatched Loss of wall thickness Ditto Dinto Ditto
i coating, (localized of wide-
: specad) and consequent
} decreancd acceptable
E feessure limit foe the
: cylinder: may result in
Y cracking,
|
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TABLE 2, (Continued)

vant Mode Probable Cause Posstble Result Pousidle Effcct on Diver Cotrective Action Recommendation/Rematks
Emergency-Gas Cylinder
(Continued)
Cylinder Cottosion. Defective ot scratched Cuwrozion under the adapter,  Fatal, if cylindet Is tn Buddy breathe,  Repoatton atl ttems that may
Neck crevice coating at interface of localized stress or a lower use and buddy system if pownble, scratch cylinder coating and/or
cottosion ncck and adaptet (ibe acceptable pressure limit not avatlable: possit ly =t up a cattosion cell. petiodic
nut that secures the may result {n cracking 1in fatal or tgunious from (1) peessure test of cylindet,
valve assembly). the localized arca. fragments if eaplosion (2) wall thickness test, (3) re-
occuts. moval and rencwal of cylinder
coating to climinate substrate
cartosion, (4) removal of all
fittings with clcaning and
mspection,

Valve Deformation. Exposcd position of the Inability to use emergency Fatal, if emergency Ditto This may occur th setup o¢
Stem jamming handlc and the diopping g1, leaking of emergency nccesitates cylinder sticage, pecbably not tn use,

either of the cylinder ¢ Rt use and buddy 13 nwt 1t should be detected in pee-

of the assembled availsdle, dive setup.  Provide casy

appatatus, access cover for valve handle,
¢ tedesign so that handle is
accessible fram the stde rather
than from the bottom.

Safety Cap  Cracked Dropping. strtking against  Relcase of high-pressure gas Untikely to occut in use,

Bos braze another object. with possible ingury 1f
relcasc ts explosive,

Spring 8rcaking Fatigue. Leak atound stem when Loss of emergency Likely to occut suddenly when

valve {s tumed o, £83 supply, cylindet is tumed va,

Seat Plug Deformation, Over age, Valve will not shut off Mitte Should be detected 1n predive
scoting completely: leak into xtup

regulatoe, waste of gas,

O-ting Cracking Ovet age, solvent attack,  Leak of high- peessure gas, b Ditte
(between detetioeation
neck and
adaptes;)

O-ting (in Cracking, Ovetuse, cver age, Leak at tnlet to peessure This will not oceur suddenty
valve detetio- wolvent attack. pinch- regulator with tncrease while cyltnder 15 in use, it
outlet) atiea, {ng in assembly, in regulator outlet should be detected 1 pres

cutting peessuze, dive setup,
Emergency-Gas Pressute Regulatoe (Mity-Mite)

Snaptite Cartosion Nipple matetial Leaksge of breathing gas Insure that nipple ts of coerect

Nipple {ncorrect. umbilical or cylinder material befoee using: ma-
supply: rust patticles may terial will be specified on
enter either the pressure procutement Jrawings,
fegulatoe of the contral
block partially plugging
R8s passages,

Diaphtagm  Breaking Fatigue; mishandling. Diaphtagm plate will tose Replace speing, when breah s
Spting {ts suppoet, but there will Jdisconered, duting verhaul

be no discernible effect, o ispection,

Disphragm  Cracking: Over age: salvent Decreased outlet peessure, Fatal, if emergency Buddy breathe, This should de Jdetected in pee-
detetto- attack, mishandling, diaphragm rupture will necessitates cylinder if possible. dive sctup,  Peniodic inspee-
ution; cause regulator to fail use and binddy s not Hon should be made and
tupture closed, available, diaphragm renewed,

Valve Areaking Fatigue. mushandling. Increased outlet pressure Frefatiure detection unlihely.

Speing from Mity-Mite and s

stage Jemand tegulatoe:
possible gas lcak at Je-
manJ breathing watt,
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TABLE 2, (Continued) .
;
Part Mode ProbalNe Cause Pouidle Result Pousidle Effect on Diver Coerective Action Recommendation Remarks “
Emergeacy-Gas Pressure Regulatae (MIty-Mite)
(Continued)
9 Dome woen, Mishsndling. Leak ftom gas dome. Fatal, i emengency Buddy breathe, This will ant ocvur suddenly
S Valve damagey decreancd vutlet pressute, necesltates cylinder A\l powidle. while cylinder 15 in use, 1t
t: threads use and buddy 1 not should be detected tn predive
2 valve open avallable, setup,
Inlet wWam/ Muhanditng. Leak at inlet valve, Mitto
3 Valve damaged
theeads,
2 valve open
&
}fr O-ting Ctacking, Over age. sdvent attack,  Lesk at bady plug, .
e (body plug)  detettoration
Filter Plugyicg Cornoaton deldeis from Restricted (low, but no ap- Filter should be wbseeved fue
3 (intes) bottle. dut froen feectable change, cleanltvess every time
E. anembly ares pus battle 1 removed, -
e exvess O-ting tubste
4 cant from bottle,
2 Yoke Locseness Setwcrew not tightened Leak of emctgency gas when Shauld be detected 1 peedive ’
4 when cylinder was cyltndes is actuated, de- setup,
3 (nnslled, crease tn cylindet use time, '
% { ¢
= Sody ¥ d 1 patible matersal.  Curtoston undet screw heads  Fatal (f emergency Buddy breathe,  Replace sorews with cuostusion- L
Capecrews crevice cadmm plated geel with subscquent attack va necessitates cylindet 1f jausible, fesistant alloy, possibly a
% cortosion i mastive san) e threads  eroucn of wrew use and buddy ts nt peevipdiation- handening steel
3 steel by, material with consequent avallable, Pomsidle such a3 17 4Pt and of scal
3, strength 1oes and fracture inyuty by exploaive serew -head-to-regulate {
X of screw,  May result in foeve of fatlure, wtetface, .
ks serfous sngury to persoancd tf !
2 fractuce occuss during dome «
Joading ¢ regulatee testing. !
3 Orthetwise may result \n gas ‘ |
leak, |
4 1
E Cracking Stress carraien due to Cracking at thread roots with it Mo itte {
;' srex set up by noemal resultant fractuee of srew l
= securing operations with poesible 1rguty 1o pes- |
S and pressutigation of soane! tf fracture oocuts |
regulator, and to corro- during dome Joading o |
son of screw matertal,  regulatot testing,  Othet- |
k! wise may result in gas leak, ‘
- Gasket Cracking, Over age. silvent attack,  Increased outlet peessure froen This will n ovvut unddenly :
(valve deteriogation Mity-Mite and lst stage while cylunder is 1n use,
- oat) demand regulatee, poesible Pettadic tnspection should
3 g4 leak at Jemamd hecath- be made and gashet should
2 {ng untt, be rencwedd,
I{ Flow- Contnl Rlock .
A Scrown Fracture COvertightentng, fatigoe,  Leak st tnlet Dlovk-main Fatal, of cyltndet ts Huddy breathe, This may oecut diting asseinbly,
% (4nlet Block tntetface with loss 10 use and hukdy  posatble, and but ualihely to occw tn use, ‘
¢ dlock) of breathing gas, powsihly system not avall- lcak i 1t should be detected i pees l
? KNNC WALEE 1IN0 g3 stream shle, possbly fatal detected, dive setup,
and thus, maisture to 1f motsture Jecreacs
7. Baralyme and Jecreased Baralyme life to less
ks life of Baralyme, than dueation of misioa,
" : Screws Fracture Duto Leakage at demand regu- Dt
= (tetatning tatce with 1oes of back
% Block) peessure on the paston ‘\
X, and consequent {ncreased ;
e flow to the demand teeath- |
;. {ng unit,
N !
)- 3
: i
[
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TABLE 2. (Continued)

B R A A T S S T RN S L D B TR R R

Past

Monde Probable Caus

Puosstble Result

Possible Effect on Diver

Coetective Activn

Recoxnmendation/Remaths

Demand
Regulatee

O-ring
(008) (n
stem)

Q-ting
(019) {0
cap)

O-ting
{023) (at
block potes

Vahve
Spaang

Fuston
Scat Plug

Putye Valve

O-ring
(008) (at
wnner cad
of valve)

O-eing
(012) (at
tnner end
of steeve)

O-glng
(013) (at
outer emd
of siceve)

O-nng
(008) (at
outer end
of valve)

Valve

Spring

Pressu~ vartes  Regulatos 1 Jengned as
directly wuhi unbalanced umit,

upstrea.
fecuue
Cracking Ovet age solvent attach,

detettoeatton,  pinching In asscimbdly,

cutting, tolerance between

sltppung O-ring and cnttance to
block shaft tow tight
because of O-ring
swelling.

Ditto Ditto
Cracking, Over age, solvent attack,
de tlon .1 b 2 in u,‘

cutting
Breaking Fatigue, mishandling,
Cuting, Rough valve seat o¢ mis-
distodging handling. lovse fit in
valve stem.
Cracking, de-  Over age, solvent attach,
terioeation.
Custing
Ditte Ditto
Breaking Fatigue. mlshandling.

Flow-Control 8locs

As Inlet peessure inciesx.,
pecssure to demnand breath-
thg unit incecans, tesulting
1 gas flow from unet, s 1n-
Izt pressure decreases, pres

Increased breathiig
difficulty a3 inlet
jresure decreaxs,

sute to demand dreathing umit

Jecreases, resulting tn Jifft-
culty tn use of unit,

Increased flow to cantstes
(litee flow),

Ditto

Leakage with lon of back
ptessure on piston and con-
sequent increased flow 1o
the demand treathiny unit,

Demand and purge flows
inopetative,

tacreaxd flow to demand
breathing unit.

Increased flow (o canister
(lites flow),

Ditto

Leakage to sca,

Ditto

Contlnuous purge once lever
{s pushed, until lever ts
pulled back  overinfiation
f breathing bags.

Possible dtscomfoet as
3)stem pressute
INCreaxs.

Relieve pressure
with exhaust
valve on exha-
lation bag,

Vaties from discon-
foet tn breathing to
inability to breathe
due to low system
pressure because of

Change depeh,
if pomidle, 1o
allow syster

up, 3f demand

putge inoperation: breathing is
more likely to occw necessaty, buddy
a3 diver attempts to breathe, if
go deeper, possidly possible.
fatal if demand unlt
must be used,

Porible discomfoet as Relieve peessure

system peessure with exhaust

increass. valve on exha
lation bag,
Ditto Ditto

Possible discomfoet as Full back on
system peessure purge valve
Increases. lever.

feessure t L

Change of destga to balaneed 1y pe
of unit a5 usally urd with Tttan
1 30 that peersite supplied will
be the same 83 pressure used 1n
stup,

This 13 unjikely to vecur suddenly,
and should be detected 1 pec-
dive setup,  O-nings should be
replaced frequently and be hept
feoen solvent exposure.

Dute

Pref ulure detection unlikely,
although already fatied spring
will be detected 1n peedive
setup,

Redress pustoa scat, redesign
plug attachment method,

This i3 unlikely to occuz suddenly.
O-1ag should de replaced fre-
quently and be kept from solvent
expasure.

Ditto

This ts unlikely to occus suddenly,
and should be detected tn pre-
Jive setup.  O-ting should be
replaced frequently and be hept
from solvent exposure,

Ditto

Frefatlure detection untikely,
although already failed speing
will be detected {n predive
setup o check
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TABLE 2, (Cuouttnued)
Parnt Made Frooable Cauwe Posiidle Result Possible Effect on Diver Corrective Action Recommendation/Remarhs
Flow-Coatrol Block
(Continued)
V::\g Plugging of Debaas (esp. Teflva Uecscase in plge flow. Replace pipe threads and Teflon tape
meeve atfice wraps) fiom Fost 3, with strasght threaded fitungs and
through ofifice snd O-tisigs.
tetainer assemnbly
cavity,
Lever Bindinyg Debifs in pivox dot, SiugRul operanioa, binding Discomnfort because of Use moderate Unltkely to occur suddenly in use,
in open position, binding difficulty te use ot fotce on lever. unlikely to accumulate debris ‘
in closed posttion, because of pressure suffictent for complete binding,
butldup if lever binds cleaning should include external ,
{n open pontifon. areas, '
Py, Fracture Sca watet undet screw Dilficulty an wperating purge  Dscomfort decause of Apply pecssute a3 Prefailure detection unltkely.
Sresice head of at thead coots. M screw completely breaks Jifffeulty te ux, ditect push Cracked sctew may net be .
coetoston away. tather than as detected untit complete break- s
toequing motton,  away tn use. Screw should be o
caated with sea- watersresistant
matenal befoee tostallation, o
replaced with brass screw, '
;
Roll pin Breaking Fatigue , Lever may swing lome within Prefafture detection unkikely, M
limits peoscribed by case although already fasted pus will
wp=aing and pivot surew, be detected in predive setup of
check,
Onifice and
Retainer
Ansemblics
Screen Fluggine Debns through inlet Decteased flow to canister tatal, as oxygen lescl Use demand- Unlikely to occur to extent that
potts plus excess (3tter flow), in rebreathing system breathing untt, will have appeeciable effcet,
O-ring lubricant, decrcascs, unlikely to occur suddenly in
use.  Sureen should be cheched
frequently for cleanliness, )
Onfice Ditto Ditto Ditto Ditto Ditto Unlikely to occut  would requie
long, nafrow (relative to screen
openings) particles to clog .
O-ting Cracking. de-  Over age; wivent attack, Increased flow to canister Fosible discomfort as Relieve peessute  This 1 unlikely to occur suddenly
(010) tenaeation, toletance between (e flow). system peessute with exhaust while in use. Probably will not
(on otifice  slippiag V-1ing and opeaing too inCreases, ‘ulve caex- be detected unti® otifice assembly
asxembdly) tight because of swell- t .atioq bag. is removed for inspectic s
tng of O-ring.
QO-zing Cracking: Orer age, solvent attack, Leakage to xa, This {5 unlikely to occur suddenly,
(011) (on deteniotation and should be detected in pee-
teraines dive setup,  O-ting should be
assembly) replaced frequently and be hepe
from solvent exposure,
Check Valves
O-tings Cracking: de-  Over age. solvent attack, Leak from the pott with the Ditto
(009) tetloration,  pinching tn assembly. fatled O-ting, regardless
cutting of which pas sowce i3 in
use,
i
Speings Breaking Fatigue: mishandling. No discemible effect. This {s unlikely to be detected until y
block is disassembled foe gencral s
inspection and/ce cleanlag,
Poppet Binding Debets through inlet 1. 1f poppet binds open and 1. Fatal, if retan to 1. Retum to habi-  This may occut in use, but mwee .
{Poet 1) port, portion of cylindet {s {n use, gas will ha“itat o€ PTC is not tat ¢ PTC, use 1ikely to Le pantly opencd o¢ ..
broken spring. be lost if umbilical is dis- taptd enough oc if buddy breathing:  pantly closed, Bindlng open
connccted; 2, If poppet buddy system {3 not 2. Use emergency peobably will not e detected in
binds shut and umbilical i3 avalladble: 2, Fatal if cylinder ot buddy  peedive setup.
source, No gas will de supe emergency cyltindet beeathing. .

plled 1o diver.

not usable.
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TABLE 2, (Continued)
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Part Mode Probable Cause Possidle Result Pouible EZffect on Diver  Corrective Action Recommendation/Rematks
Flow-Coatrol Block
(Continued)
Poppet Sinding Debris thtough inlet post:  1f poppet binds shut and Fatal, if cylindes {3 in Buddy breathe, This may occur in use, but more
{Port 2) portion of broken cylinder is in vee, inwd- vse and buddy system {f possible, likely to be partly opened or
speing. ficient gas will flow to not available, partly closed, Binding open peob-
diver, ably will not be detected in pre-
dive setup,

Fittings

Elbow Leaking Thread wear; | Leakage of umbilical gas, This will not occur wddenly in use,
(45 deg) and should be detected 1n predive
(at Post 1) setup,
Ctacking Pressure excessive to Ditto Fatal, if cracking is Use emergency Other fitting should be used,
part capability, sufficient to decresse cylindet,
§as flow below accept-
able lmlt,

Elbow Leaking Thresd weas; looseness,  Leakage of demand- Buddy breathe, This will not occuz suddenly in usc,
(Street) breathing gas, if possible. and should be detected in predive
(at Port 3) setup,

Cracking Pressure excessive to Ditto Fatal, if cracking is Other fitting should be used,

part capabllity, sufficient to decrease
gas flow Lelow accept-
able limit,

Elbow Leaking Theead weas: looeeness,  Leakage of lter-flow This will not occur suddenly in we,
(Street) gas. and should be detecred in predive
(at Port 4) <ctup,

Cracking Pressure excessive to Ditto Fatal, {f cracking fs Use demand- Other fitting should be used.
part capability, sufficient to decrease breathing unit,
gas flow below accept-
able level,

Coupler Leaking Coupling was not locked  Leakage of gas, regardiess Fatal, {f separation of Buddy breathe, Should be detected on peedive
(at Pt 2) and appazatus was of source, coupling and regulator 1f cylinder was check,

severely jarred, occurs while cylinder only soutce,
is in use,

Ditto Theead weaz; looseness. Ditto This will not occur suddenly in use,
and should be detected in predive
setup,

Connectoe Leaking Ditto Leakage of demand- Ditto

(at Port 3 breathing gas.

Street Elbow)

Connectoe Ditto . Leakage of liter-flow gas, "

(at Port 4

Street Elbow) - Connector was not Leakage of lites-flow gas Fatal, if separstion of Use emergency  Should be detected on predive

locked and liter~ and leakage of water into connector and hose cylinder ot check.

flow hoee was canister, fitting occurs and {s buddy breathe,

tugged, not detected by diver, is possible.

and/ae {f emergenzy
cylinder is not usable,
Canister
Channels in  Rectangular shape and Pellets can settle {nto cormers  Fatal, 2s catbon dioxide  Use demand- Provide rounded edges o¢ cylindeical
Batalyme consequent square after apparent filling, in ce-bresthing system breathing unit, ox redesig foe of

cotners, leaving voids in contents; {ncreases, if danger i3 canister 3o that exhalaiion flow is
pressure exested by cap spring realized. directed to the mass of Baralyme
is not effective toward corners and daes not approach coeners,
(sides) of caniser; If pellets do
not rzttle into comers, comers
setve as channels: result is re-
breathing of part of the un-
sctubded exhalation and inef-
ficlent use of Batalyme.
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+ AOLE 2, (Coatinued)
Part Mode Probable Cause Posuble Result Posutble Effect on Diver  Cosrective Action Recomm=adation/Rematks
Caniner
(Contlnued)

Canister usr4  “caque canistet and Checking of canister contents  Fatal, as casbon dioxide  Use demard- Device 14 tequited that will indicate
when empty effort requised to re- 13 ot easy, but other than in re-breathing system breathing uait, ot valy when va ater is empty ot
ot when cone  move from dackpack dependence on oy entry of incroases, {f danger s pantly full, dut when Baralyme
taining ex- fot checking, actus] temoval of filler cap, realized, should be replaved  Two possibile-
hauned there {3 no other way pres- tics are 1 casy aceess view port,
Baralyme ently to check the caniuer, and T canister fabtvated of vae

This may result in use of an of the new, tough, hard-suzface,
empty o¢ pastially filled can- transparent matenals
tster, ot of wet of exhausted
Baralyme,
Heating
Jachet
Screws (at-  Lesking tacamplete of broken Water Into Saralyme with con- Unlikely to ocvur suddenly w use
taching seal Jue to impeoper sequent shostened tife. Predtve teak check of peosarized
lowss part appication of tough canmister may detect.
of jachet to handling.
caniser)
Heating Wire breakage  tnflation of dlankets tneflectiveness of heating Different type of electiical heating
Slanhets dusing tapd blanket tn pecdonging life should be uxd,
decompression, of Baralyme.
Lead-ins Fraying. Lead-1ns are not securely  Cable motton will result 1n Electncal shock when Insutated clamp should be provided
to cutting clamped to caninter, lead-1n movement relative touching canister, to anchae the lead-n,
Slanket to the canister and heating
jacket edge, wearning and
fraytng the lcad-ins,

Pullout Cable that attaches to Handlers and divers may tend to Dinte Connection from blanket to umbiitcal
umbtlical §s furnished use handie-like plug configusa- should be redesigned and/ ¢ cable
with male and female tion to lift apparatus with con- sceurely anchored to cantster to
plugs that are mated sequent pullout of electrical prevent damage to wires,
when blanket i1 not teads, bating the wires o¢ dise
used: this resembles & fupting current so that heating
handle. blanket {3 tnopetative,

Hot-Watet  Bending., taposed position of tubing  Water passage will be plugged Wit not evewr durtng use, and should

Tubing ctimping, and dropping of canistez,  of open to the soa with result be visually apparent in predive sciup
beeaking of that water does not enter ¢ check,
Jolint jacket, thus nct heating
Batalyme,
Fille: Cap
Speing Fines and Filler plate, attached to  Tutning of Nate, foeced as (' Nausca from Batalyme Closure should de designed so that
Maw powdet in seing, hastendency to {3 againx Baralyme, geinds dust, fragmenting forve is not applied
Baralyme turn as cap is screwed the pellets and peojuces to Batalyme,
on, powdet and small particles
that may find their way (nto
the gas stream,

Spting Sreaking Fatigue, mishandling. Lon of compressive force Effect will be mince without come
againa pellets with posuhle plete duuntegeation of spetng,
opeaning of voids within
Batalyme mass and reduc-
tion 1n efficiency of
canistet,

O-ting Cracking, de-  Over age: salvent sttack: Leaking of gas to the sea ot Leak will D¢ minoe and prodabiy
teriogation: pinching. watet into the canister with 3 undetected tn peedive setup,
cutting decreasm in elfective wse time O-1ings should be tnspected and

of Batalyme., replaced frequently and kept
from sadvent exposute.,
Elbow Leaking Worn threads, loveoness,  Gas will be 1ost to the sea, Replace pipe threads and Teflon

(Street) tape with straight thread cone

nectee and O-ting,
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< TABLE 2. (Conttnued)
Past Mode Probable Cause Possible Result Posnbdle Effect on Diver Cotrecitve Action Recommendation/Remarks
3
o Gantytet
Pt (Centinved)
&
:f Cannectoe Leaking Woin threads, lomeness,  Gas will be 1ost to the sca, Unlikely to occur suddenly in use,
by and should be detested in predive
Y ctup,
#
- Ditto Connector was not tocked  Gas flow to canister will be Fatal Use demand- Should be detected in predive
a ana “tet-f)How hose was  lost and watet will entet breathing umt, chech,
£y tugged, canister, ot buddy breathe
1f possible.
O-fing (at Ceacking, de-  Over age. solvent attack.  Leaking of gas to the s, Unlikely to occur wddenly n use,
' senwe cap)  teftoeation, pinching, and should be detected 10 predine
cutting setup.

Bag Attachments

Jhson AV R NI KA S oA T

Cuting, Hose clamps may cut the itto Already leaking ffem will be

3 cracking, ittach «* slvent detected in predive setup,

X detettoratton  attack may cau.~ de- Elastomeric matetfal should be

. teriotaticn of cracxing, checked frequently,
E- Hose Breaking Cuorronon, ovetuse, - Although stamped ~stainless™,
. Clamps some clamps have rusted aveas,
b i .
E: . Breathing Bags .
k. M Drain Caps Leaking Looxeness. {atlure to Leaking of gas to the sca Increased breathing Use demand- Caps are located and attached
2 wcure, ot water tnto the bags. resistance through breathing umit, 1aside vest pockets, makig
£ S wet Batalyme: burns them difficust to secure to the

from inhaled watet- bags and to check in nredive '

5. . Batalyme mixture, check,

=3 ‘ Breathing Howe Attachments
¢
>4 Cutting Hose clamps may cut Leaking of gas to the sca Duto Ditto Already leaking ftem will be
= the attachments 33 of water into the dags, detected in peedive setup,
2 hoscs of bags are
s * flexed in handiing,
A Hose Breaking Corrosion, mveruse, itto - - Although ctamp-d ~stamless™,
Clamps some clamps have rusted aress,

o

Canister Attachments

sy
-

o Appendages  Leaking Hose clamps may cut = b - Already lealirg ftem will be !
4 the appendages as they detected in peedive setup, 3
g o the bags are flexed 1
. in handling, :
23 .
44 { Threaded  Leaking Woen threads: looxeness, - - - Unlikely to occur suddenly in !
1 ¢ ' Couplets use, and should be detected fn ‘
e ! predive check,
o
EC I Hose Breaking Carrosion: swv,tuse, - - - Although stamped “statnle: =,
E . Clamps some clamps have rusted arcas,
; ‘ Exhaust Valve Attachment
2
3 . Leaking Hote clamp may cut the = - - Already feaking ftem may not be
bag as uxe of cxhaust detected In predive sctup, as
P valve causes flexure, flexure may be required to
7 cause gas escape.
Y - Hose Breaking Coerosion, cveruse, - - - Although stamped "statnless™,
3 Clamp some clamps have tusted arcas.
s
b
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TABLE 2, (Continued)

T oA T e R TS
T T T S T o NS T T ST SRR S T Y
v R A R S E LR P S H RSl il ves

Probable Cause

A3
7
o
q
3
"
{
e
E:
4
A
v
o

Posstble Result Pocalble Effect on Diver Cotrecelve Action Recammendation/Remarks
Mouthplece T Tube Auembly
Check Cracking, de-  Over age; solvent attack, Portton of exhaled gas High catbon dloxide Use demand- Already falied ftem should be detected
b% Valve tetioeation; mishaadling, may pass back into (nhala« level In rebreathing breathing unit, {n predive setup, Rubber ltem should
e (tahalstion)  cutting tion hese and be rebreathed fystem, if problem fe be checked frequently and be kept
i on wbsequent inhatation. realized. fram exposure,
3 Check Ditto Ditto Portion of exhaled gas tay Ditto Ditto Ditto
b Valve pass back fnto mouthhit
4 {exhalation) on (nhalatton,
X Gaskets - - Leakage of gas to sea, On If water lcaks, varies Use deinand- -
: inhalation, peessure tn “T* from disccomfost to breathing untt,
=3 body momentatily may be {nability to use re-
L less than sea pressire with breathing apparatus,
S consequent entesnce of
E. water through falled gasket,
24
i Valve Cutting Mishandling, Valve rmay not completely Failure may not be detecred (n rou-
w Retaines shut off in the sutface tine check of cquipment,
King positinn with consequent
] possible leakage of water
- through mouthblt into “T
and exhalation hose,
7 | Valve Breaking: Dmpping, Valve cannot be operated Unlikely to occus tn usxe, and will
2 Lever bending if tever (s missing o bent be detected tn peedive xctup,
: to & Jammed condition,
{ ' Hose Breaking C fon; overuse, Leakage of gas to the sca, Although stamped “stafnless™, some
k2 Clamps clamps have tusted areas,
i Exhaust Vaive
- Diapheagm  Cracking: de-  Over age, solvent attack; Gas will leak constantly from  Inablility to breathe Use demand- Unlikely to occur suddenly in use,
. tecioration; mishandling, exhalation bag. Leak may from the semiclosed Sreathing unft, tthough use of pull knob may
3 cutting he great enough so that system. {ncrease s minos leak,
i3 fresh gas passes through
o canisize dircctly to exhala-
2 tion bag.
A4
2y Valve Binding Bending by mishanditig,  Bind open: similar to leak Dino Use d d Unlikely to occur suddenly tn use,
£ Stem above, bind close: tupture breathing unit and should be detected th predive
. of breathing bags or leakage ot retutn to sctup of check,
2 at diver-mouthpliece habitat o¢ PTC,
2 {nterface,
Compression  Bresking Fatigue, mishandling, Valve will unscat at lowet " e demand. Unlikely to be detected peioe 1o
3 Speing peessure  may be difficult breathing unit, fatture,
] to build up system peessure,
. Vest
Bag Teating of Tugging and pushing of  Leaking of bags with toss of - Ditto Tom bag should be detected (n pee-
Pockets bags bags to get them into Ras and/oe water into bag . dive setup ot cneck,  Redesign
3 pockets, pockets so that bags may de slipped
1 in, towand the sides, with closure
g flap to retain bags tn place,
, Z1ippes Pinching No flap behtnd 2ippet, Pinching of diver, Minae injury to diver Hold vest away Aitach Nlap behund zipper to prazect
when seearing vest, from body diver's chest,
while zipping
. shut,
‘g
Adjugment  Pullout Weat ot totting of Unbalance of backpack. Difficulty tn Unltkely to occut,  Normal tnspecs
B Straps thread. mancuveting, tions will detect worn ‘abtic o
' thread,
Sneps Speing Fatigue, carroston, Loose flap, insecure Will v occut suddenly {n ue2,
breakage weat o detetioration backpact.,
= of fabeic,
Pullout Ditto Dlito Ditto
¥
Backpsck Deterlarati fRubbee coating: abeaston, - -
sp salt watet immenion
and drying cycles,

ORI T e g
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TABLE 2, (Continued)

Fant Maode Probable Cause Poestile Result Pussible Effect on Diver  Cotrectlve Action Recommendation/Rematls
Demand-Breathing Unit (Titan is)

Connector Leaking Connecter not Jocked, Gas i1 Jost to the sea, Inability to use demand-  Use semiclosed Should be detected in predive check,
{to control and demand hose {s demand unit {s tnoperative, breathing unlt, mode, or buddy
block) tugged, breathe, If

possible,

Leahing Worn threads. lovseness,  Gas leak to the sea, Dino Dito Will not occuz suddenly whiie in
use, and tay be detecied in pre-
dive setup.

Female Leaking Disto Ditto - - Ditto
Hoxe
Coancctors

Leaking Waoen hose 1D insccure - - - -

hose clamp.

Cutoff Bugst hose Leak (n demand linc Constant gas flow to the - - Remove cutoff valve fror line, ot
Valve when Whitey valve is sca with possible drop tn replace Whitey valve with valve
(Whitey) cut off, sysiem pressuze, flow be- having pressure relief feature,

low acceptable Hmit,

O-tings Cracking, Over age. solvent attack, Leaking of gas to the sca Will no: occur suddenly in use, but
(in inlet Jetetioration when whitey valve {s open, unlikely to be detected tn predive
valve leakage of scawater Into sctup of check, O-tings should be
assembly) hosxe when Whitey valve is checked frequently and be hept

clored, from solvent exposure.

Vahe Dirty, sccred  Mishandling in Gays leak through unit Will not occur in use, and stould
Scat assembly. when Whitey valve {s be detected in postassembly

open, check.

Poppet Bending Ditto Gas leak through unit when Ditte
Stem Whitey valve s open, of

{noperation of unit due to
jamming =t of the poppet.
Poppet Breaking Fatigue, mishandltng, Gas flow, cuce inltlated, will Prefaflure Jetection {s unlihely,

Spung continue as long as Whitey although already fatlcd ttem may

valve {s open, be detected in predive sctup or
check,
Demand Breaking o Oito Demand umit will be tnopes-  Difftculty in breath- Buddy breathe, Prefaiture detection ts unlikely  but

Lever bending ative, or breathing with it ing, it unit 13 retusn to alrcady failed ftem should be

will be s preat effoct, still operative, hab{tat or PTC, detected in predive sctup,
Diaphragim  Cracking. de=  Over age. solvent attack, Leakage of gas to the ca Difficulty tn breathing, Depeess purge Unlikely to occur suddenly in usc,
tetforation, pinching, when unit s activated, button to pro- but may not be detec#d tn predise
cutting duggtsh opetation, with vide constant, setup,
intake of water into the positive gas flow
casc, to cleat the case
and provide
breathing gas.
Punge Breaking Fatigue mishandling, Demand lever may stay de- Prefailure detection Is unlikely, bue
Spring presscd with consequent already fatled ftem should be de.
steady outfllow of gas, tected in predive setup of check.
Exhaust Cracking Over age, solvent attack, Leakage of water into case, Possible water Depress purge Unlikely to occur uddenly tn usx,
Vahe mishandling. especiatly duting inhalation,  ingestion. button to jxo- but may not be dusccted in pecdive
vide constant, setup of check, Valve discs s od
pusitive gas flow  be checked frequently and be kept
to clear the case  ftom solvent exposure,
and peovide
breathing gas.
Mouthpicce  Breakage Cetrosion Leakage of gas at Difficulty in usng If severe =ust occurs, clamp should
Clamp mouthpiecescase inter- unit in emetgency, be rep . od.
face, possible pull-off of if mouthpiece pulls

mouthpiece from cax,
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TABLE 2, (Coantnued)

o1
Patt Mode Probable Cause foslble Result Pouible Effect on Diver  Curective Action Recommiendation/Rematks
T
Breathing-Gas Lines 4
- &
Umbitical Hose |
Hose Cracking, Oveg age; sharp bending  Lows of external jas to sys- Fatsl, 1f notdetected Use emergency i
cutting: de- and flexwe. mis- tem; leakage of emes- by dives, cylinder, tetumn R
tettogation, handiing: solvent attack:  gency gas when cylinder to habltat v -
bursting overpeessutising. 4 luned on, PTC,
weatheting, 4
t
Flttings Leoseness Impeoper ancmbly, Leak of gas to the wa, Ditto Ditto Threaded coupler louseness should -4
overpeessurizing., be detected tn peedtve check,
Loose hoee flttings may be de- .
te 2ted {n peedive setup. (
- d
Lites-Flow tos
Hose Cracking: Over age: sharp bending  Loss of gas to the rebreath- Anoxta, If not detected  Use demand-
cutting; de- and flexure, mise ing mode, by dives, breathing unit ,
terforation, handling; salvent o buddy :
butsting attack; overjvossure breathing,
Lztng; weathering, t
Kinking Two-long hose uxd, No gas out of control block Fatal, {f buddy beeath-  Buddy breathe, Unlikely to occur and would be de- Ny
to diver, ing not avallable, {f prasidble. rected in peedive xtup o¢ check,
Fittings L Inadeq cmp. Leak of gas to the xa. Fatal, {f not detested Use demand- May not be detected In jicdive '
{Hansen) by divet. breathing unit, sctup unless hose s specifically .
checked,
Deman. *low Heae .
Cracking: Over age; shatp bending  Constant gas flow tu the sca Ditto Buddy breathe, Ditte s
cuttlng: de- and flexure ; snagging, if fatluze 13 on conteal i possible.
tertaration; mishandling; solvent block side of Whitey valve
bursting attack; overplessuriza- and {f volve ts closed, {f
tion; weatheting, fatluce s on other side of .
slve, water may enter
hose 1f valve ts closed but
if valve 13 open, there will
be constant flow to the sea, .
Sreathing-Gas Hoses
tnhalatton  Cracking. Ovet age: snagging: Leakage of gas to the sca; Inabitity to breathe Use demand- Prefatlure detection is likely in
Hosxe puncture, cutting by hose clamp. water into {nhalation bag from the miclosed brething unlt, predive setup,
cutting; solvent attack; and/oe mouhplece by system,
detetfoeation  weatheting, pumplng action of breath-
ing cycle,
Sxhalation Mtto Ditto Leakage of gas to the sca; Ditte Use demand- Ditro
Hoee watet into exhalation bag: breathing unlt, 3
drop tn syster neessure as '
system tries fo equalize ..
peessure by gas flow thrcugh
canister to erlalatfon bac
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ENGINEERING ANALYSES/EVALUATIONS REQUIRED

S A NS e RV E ARG vt R -

Analysis/Evaluation

Part Description Reguired Performed
Complete Apparatus Weight distribution Yes No
Case/Cover Assaembly Best choice of material for design use Yes Yes
Emergency Cylinder Pressure requirement Yes Yes

Valve Stem Tangential force to bend/break No No
Pressure « pulator Pressure reduction Yes Yes
Pressuve vi.-‘.nce Yes Yes
Body-to-Dome Screws Strength requirements Yes Yes
Control Block
Block-to-Block Screws Strength requirements Yes Yes
Orifices Flow/pressurec adequacy Yes Yes
Gas Passages Ditto Yes Yes
Poppets " Yes Yes
Demand Regulator " Yes Yes
Pressure variance Yes Yes
Sliding O-Rings Groove diamete./depth versus retention Yes Yes
Connectors/Fittings Pressure-resistance adequacy (strength) Yes Yes
Canister Gas flow paths Yes Yes
Flow adequacy Yes Yes
Baralyme packing efficiency Yes No
Heating Jackets Heat-transfer maximization Yes No
Flow-rate capability Yes Yes
Spring Plate Crushing force against Baralyme Yes No
Connectors Pressure-resistance adequacy (strength) Yes Yes
Breathing Bags Sufficient capacity to support breathing
at various depths and work levels Yes No
Capability to withstand ""comfort! pressures Yes No
Mouthpiece " I''' Assembly No No
Exhaust Valve Sufficient range of relief pressures Yes Nof2)
Valve Stem Tangential force to bend/break No No
Vest No No
Demand Breathing Unit Flow adequacy Yes Yes
Breathing-Gas Lines
Main-Flow Hose Flow /pressure adequacy Yes Yes
Liter-Flow Hose Ditto Yes Yes
Demand-Flow Hose " Yes Yes
Inhalation " Yes Yes
Exhalation " Yes Yes
Main-Flow Hose Burst-strength adequacy Yes Yes
Liter-Flow Hose Ditto Yes Yes
Demand-Flow Hose " Yes Yes
Inhalation " No No
Exhalation " No No
Eibow Fittings " Yes Yes
Flow adequacy Yes Yes
Hose Fittings Ditto Yecs Yes
Quick Disconnects " Yes Yes
Demand Cutoff Valve " Yes Yes

{a) Relief pressure is set by the individual diver to his own satisfaction. Adequacy of range

should be checked,
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TABLE 4, PRESSURE/FLOW TESTS REQUIRFED

Component/ Part Test(a) Performed
Emergency Cylinder Pressure (proof) Yes(b)
Valve Flow Yeas(c)
Leak No
Pressure Regulator Pressure (proof) No(d)
Pressure (reduction) Yes(b)
Flow Yes(b)
Control Block Pressure (proof) Yes(e)
Orifice Assembly Flow Yes
Demand Regulator Pressure (regulation) Yes
Flow Yes
Purge Valve Pressure Yes
Flow Yes(c)
Canister Pressure (proof) Yes(b)
Water Jackets Flow Yes
Temperature Yes
Heating Blankets Temperature Yes
Breathing Bags Pressure (proof) Yes(f)
Leak Yes
Mouthpiece "T" Assembly Flow Yes(c)
Leak Yes(b)
Check Valves Leak Yes(R)
Exhaust Valve Pressure (range) Yes(8)
Demand Breathing Unit Flow Yes
Leak Yes
Breathing-Gas Lines Flow Yes(c)
Main-Flow Hose (w/(ittings) Pressure (proof) No
Leak Yes
Liter-Flow Hose (w/fittings) Pressure (proof) No
Leak No
Demand-Flow Hose (w/ fittings) Pressure (proof) No(h)
Leak No(h)
Elbows Pressure (proof) No
Leak Nofi)
Quick~Disconnects Pressure (proof) Nofi)
Leak Nofi)
Breathing Hoses Leak Yes

(a) Test to be applied to individual component/part, sot onty to representative QC tample,
(b) Test perfonined by supplier,

(c) Proved in use,

(d) "Functional™ test by suppliet. (5)

(¢) Peak pressure of only 4500 psi reached. (7)

(f) Leak test at 1-1/2 psi,

(g) Predive setup or check,

(h) After inetalation of Whitey cutoff valve.

(1) Should be tested tn situ,
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PHYSICAL TESTS REQUIRED

Part

Test

Purpose (To Prbve)

Case/Cover Assembly

Pressure Regulator
Inlet-Valve Spring
Diaphragm Spring

Control Block
Purge-Valve Spring
Demand-Reg, Spring
Check-Valve Springs

Canister

Electrical Lead-Ins

Breathing Bags

Exhaust Valve
Spring

Demand Breathing Unit
Purge-Button Spring

Breathing-~Gas Lines
Main-Flow Hose

Liter-Flow Hc 3e
Demand-Flow Hose
Inhalation Hose
Exhalation Hose
Demand-Flow Hose
Quick Disconnects

Drop (empty)
Crush (empty)

Fatigue
Ditto

Pressure
Fatigue
Ditto

Temperature profile
{internai)

Flow profile(2)

Flexure in seawater

Accelerated environ-
ment
Fatigue

Fatigue

Accelerated environ-

ment
Ditto

Flexure in seawater
Pressure

To help set manufacturing standard
Ditto

Te waggest replacement schedule
Ditto
To establish design maximum

To suggest replacement schedule
Ditto

To su,scst efficient design

Ditto
Adequate strength and insulation

To determine resistance to
in-use deterioration
To suggest replacement schedule

To suggest replacement schedule

To determine resistance to

in-use deterioration
Ditto

To determine leak rate

B 7 g ks
Aoare 2T

{a) May requite colored gas/smoke and transparent canister mock-up.
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In general, the usc of off-the -shelf items might not contribute to consistency un-
less each item taken "from the shelf” is carefully checked to insure that it exactly con-
forms to the previous 'duplicate' item so far as material is concerned, not merely as
to form, fit, and function. That is, an item '"just as good as, or better than,'" another
sh.ould not be accepted under any other condition than that this acceptance is a design
change that is duly noted and approved by the accepting authority,

Items that are fabricated specifically for the apparatus likewise should be identified
in detail The terms '"'stainless steel' and "brass' are insufficient identification. The

type of material, e.g., 304 stainless steel and cupronickel, 30 percent, should be
specified.

As the subject of another task, engincering drawings of the Mark 1X are being re-
viewed and prepared to MIL-D-1000 requirements. Thesce drawings will include specific
identification of all materials to be used in the fabrication of the Mark IX components.

Thus, consistency will be maintained among the individual apparatuses that will be pro-
cured in the future.

MAINTAINABILITY

The ease of maintenance and the amount and degree of required maintenance are,
to some extent, indicative of design excellence or shortcomings. Maintainability in-
cludes not only the low need and the ease of replacing parts, but also the ease of care of
the parts. And care of parts includes not only ease of adjustimients, but also storability,
ease of assembly, and cleanability, especially under field conditions.

The Mark IX apparatus, in general, has a high degree of maintainability., Parts,
and even components, are easily replaced and adjustments are few and fairly simple.
However, the apparatus is awkward to store :n a vrotected condition so that (1) cleanli-
ness and dryness are enhanced, (2) strain is not put on the breathing-gas lines, and
(3) other items are not placed atop the unit. Also, the degree of cleanliness desirable
for a breathing-gas system is difficult to achieve in the ficld. Assembly is easy, but

both O-rings and thread scalant are required. These contribute directly to the problem
of cleanliness.

The problem of storability is not precisely one of design of the apparatus. The
Mark IX can be stored satisfactorily if a rack is designed specifically for the equipment.

The O-ring problem is one of O-ring lubricant rather than of O-rings, per se.
Because there has bcen some concern about lubricants used in breathing systems, lubri-
cation is trcated extensively, below, apart from the problem of cleaning.

Cleaning is a three-fold problem in .hat compatibility of cleaning agent and mate-
rial to be cleaned, effect of cleaning agent on the user, and effnoct of residual cleaning
agent on the diver must be considered. Cleaning ziso is treated below.
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Lubrication

In the Mark IX apparatus, lubricant is used on all 20 O-rings and on the valve-
seat gasket in the pressure regulator, and may be used on the threads of the canister
filler cap. Thread sealant is used on fittings threaded into the pressure regulator, the
conirol block, and the canister.

O-Ring Lubricants

The O-ring lubricants suggested for similar systems are Fluorolube grease
(number unspecified)(8) and Fluorolube, Grade S-30. (%, 10)

Flucrolube is a series of chlorotrifluoroethylene polymers, including both oils and
greases.(l1) Grade S-30 is an oil. Both oils and greases are produced from the same
base and all have the same chemical properties. The greases are produced by adding a
silicon-based thickener. All Fluorolubes are compatible with oxygen and with brass
and other metals except aluminum and magnesium. Hooker Chemical Corporation, pro-
ducer of Fluorolube, does not specifically recommend them as O-ring lubricants, but
leaves specific uses to the choice of the user. (12)

S T 2 DN SRS A
r

Depolymerization of the Fluorolubes results in the liberation of toxic gases. How-
ever, depolymerization of the chlorotrifluoroethylene polymer does not occur until the
temperature exceeds 300 C (482 F), and the Fluorolubes are noted for their thermal
stability up to 300 C. (11)

Voit Rubber Corporation instructs that all O-rings and threads in the Titan II de-
mand breathing unit be lubricated lightly with Dow 4X or Dow Compound 3 silicone
lubricant. (13) Both of these compounds are silicone greases, although Dow 4X also is
available as an aerosol spray. Neither of these lubricants was designed for O-rings,
but both are safe to use because they are inert to oxygen and compatible with most
materials. (14)

NASA has approved the use of molybdenum disulfide powder (MIL-M-7866) for
O-rings in breathing oxygen and breathing air systems. (15) The Bureau of Ships also
approves molybdenum disulfide powder (Molykote Type Z Powder) for high-pressure
air, oxygen, and dry, oil-free nitrogen systems, in addition to the Fluorolubes, Kel-F
Grease No. 90, and other oils, greases, and dry-film lubricants.(16) Grove Valve and
Regulator Company also recommends the use of Kel-F 90 on O-rings in the Mity-Mite
pressure regulator. (4)

Fluorolube GR-544 (a grease), Fluorolube LG-160 (an oil), and Molykote Type Z
powder are approved for use in oxygen- and nitrogen-gas piping systems. (17

Apparently, then, there are several lubricants that should be acceptable for use in
the Mark IX system. In choosing any lubricant, the major aspects that need to be con-
sidered are ease of application, ability to restrict application to the specific item need-
ing lubricant, ease of removal in cleaning, and absence of toxic or undesirable compound
formation in cleaning.
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Regardless of which compound is used, the procedure is similar: the lubricant
is to be worked into the O-ring and the excess 1s to be wiped off. Examination of

Mark IX units indicates that this either is not being done or "excess' is capable of wide
interpretation. However, contributing to lubricant buildup is the small size of the
O-rings. It is difficult to "work in'" lubricant and to remove the excess evenly. It is
easier to lubricate larger O-rings and to avoid lubricant buildup on parts with which
they come into contact.

A subjective comparison of the lubricant types is made in Table 6. However, a
raw score based on this table will not indicate the best choice of lubricant type because
of the differing importance of the categories and the differing likelihood of their
occurring.

TABLE 6. COMPARISON OF O-RING LUBRICANT TYPES

Type
Category Grease Oil Powder Spray
Easier to apply b c d a
Easier to work in evenly a b c d
More likely to penetrate elastomer b a c d
Less likely tu be applied in excess d c a
Less likely for excess to enter system b c d a
Less likely to plug gas passages d b a
Less likely to build up on contacting surfaces d b c a
Less likely for excess to pick up debris d c a b
More likely to hold O-ring in position a b d c
More likely to effect gas tightness a b c d
Easier to remove {rom contacting surfaces d c a b |
Easier to remove from hidden areas c b d a
More conducive to cleanliness of area a c d b
More desirable in close-quarter use a b c d
Less likely to '"soil" user b c d a

—— e e e e —
— ———— —— —

Note: The highest “rating” is a, the lowest s d.

All four types of lubricant are acceptable for use in the Mark IX system., How-
ever, the powder form of lubricant is most suitable, assuming that

e System cleanliness is of major importance
® Excess lubricant will be removed before the O-ring is installed

e O-rings will be lubricated and installed under confined, but clean, working
conditions

@
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e Lubricant already present will be removed insofar as possible if O-rings
: are replaced rather than renewed
{.

7

e Use of organic solvent for cleaning contacting surfaces is undesirable.

Should the powder form of O-ring lubricant be chosen, the obvious choice is
s. molybdenum disulfide. Should grease (a second choice) be used, either a fluorocarbon
b ’ (Fluorolube, Kel-F 90, or other) or silicone (Dow 4X or Dow Compound 3) may be used.
- . These greases are removable from metallic contacting surfaces with organic solvents.
£ Although solvents, in themselves, may pose a health froblem, the greases do not break
?: ' down into toxic substances during normal cleaning. (12,14)

Thread Sealant

o
i

RPIRSHE

Teflon tape (polytetrafluoroethylene) is approved for similar apparatus‘19) by the
Bureau of Ships for high-pres.ure air, oxygen, and nitrogen systems(16), and by NASA
for breathing oxygen and breathing-air service. However, such tape is to be used
on pipe threads only. No lubricant is allowed on straight threads.

Polytetrafluorcethylene tape is not combustible in the presence of oxygen and does
not produce toxic vapors at temperatures to 260 F. It is intended for use as an anti-
seize(:lnagl sealant on pipe threads in liquid and gaseous oxygen systems of 2000 psi and
less.

Teflon tape is acceptable for use on pipe fittings in the Mark IX system, that is,
on the control block and at the liter-flow connection to the canister.
,1{ *

U g
&t

However, Teflon
block where they, by themselves or in combination with excess O-ring lubricant, may

tape shreds into strips and particles fairly easily, and these may fall into the controi
affect gas flow. This danger may be eliminated by the use of straight-thread fittings
and O-rings or gaskets as seals.

g sAde

Ve gl

Cleaning

The only cleaning medium that is safe for the entire apparatus is clean, fresh
water.

Separate components may be cleaned with water-detergent solution, alkaline
cleaning-compound solution, or organic solvents, but special precautions are
necessary.

The use of organic solvents, because of their toxic and/or
be restricted to well-ventilated areas.

ritating fumes, must
Also, a source of dry,
should be available to help evaporate the solvent and disperse any fumes.

-free compressed gas

The use of a cleaning compound, in a suitable nonorganic solvent, requires rinsing
and flushing to insure that no caustic or otherwise irritating, harmful, or passage-
clogging residue is left.

In addition, the rinsing solvent, being nonvolatile, is apt to re-
main in passages in minute quantities,
Any solvent, and resultant cleaning residue, is apt to become trapped in blind
areas within the apparatus.
b

The concept of cleaning, therefore, must include removal
of all residual cleaning agent and tke thorough drying of equipment with oil-free air or
nitrogen.

e oA Y R

YA
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Similar apparatuses use trichloroethylene(9), Freon PCA(w), or nitric acid
solution(10) for metallic cleaning and water-detergent (or soap) solution for nonmetallic
cleaning. Besides being used for degreasing, trichloroethylene and ethyl alcohol are
used as flushes to follow a water-detergent cleaning, water flushing, and gas drying
sequence for metals, (19)

A most important consideration in the use of organic solvents, in addition to their
use under controlled conditions, is the complete removal of residual solvent before the
cleaned item is placed in service. Besides their effects on nonmetallic parts and com-
ponents, residual solvents may have a toxic or debilitating effect on the user of the sys-
tem. Trichloroethylene, in particular, although it is recommended for similar sys-
tems, is potentially dangerous for use with the Mark IX system,

Trichloroethylene evaporater . -~ v (compared with carbon tetrachloride)
and nausea and other side effects .:sult ... .posure to its vapors. It is very difficult
to remove from confined spaces, eve - ratures near its boiling point. (20) When

trichloroethylene is passed over ar alkaline materials at a temperature
above 70 C (137 F), it produces dicl. - :ne, a very toxic vapor. %

Residual trichloroethylene in the Mark IX system may pose a danger because of
the presence of Baralyme (which contains alkaline material) and its exothermic reaction
with moist carbon dioxide from the diver's breath.

Carbon tetrachloride also 18 a potentially dangerous cleaning agent. Kidney and
liver failure can result from inhalation of the fumes, and swallowing one teaspoonful of
the fluid can be fatal. Reportedly, '"three thimblesful" of carbon tetrachloride can
saturate the air in an unventilated room to the danger point. (22)

Various cleaning agents recommended for use in oxygen systems are listed in
Table 7.

Before being placed in service, breathing-gas systems must be free of all loose
scale, rust, grit, filings, oil, grease, and other foreign and/or organic materials. (¢3)
Most of the cleaning agents listed in Table 7 do not actually clean, but serve only as de-
greasing solvents. Degreasing solvents do not remove particulate material such as
metal chips and rust.(24)

The major metal components requiring cleaning in the Mark IX system are the
Mity -Mite pressure regulator, the flow-control block, and the carbon dioxide-absorber
canister. Both cleaning and degreasing are required for the pressure regulator and
control block, while the canister requires only cleaning.

The regulator and control block, beth disassembled with nonmetallic parts re-
moved, should be degreased with Penolene or ethyl alcohol, immersed and agitated in a
water-detergent solution, rinsed in fresh water, flushed with ethyl alcohol, and dried
with oil-free, dry nitrogen. The canister should be cleaned with water-detergent solu-
tion (using a bottle brush through the filler port), thoroughly ri..sed with fresh water,
and dried with oil-free, dry nitrogen. Warming of the canister and/or gas during drying

*Fot example, in one case, trichlorocthylene was adininistered as an anesthetic in a closed-circuit system that used a soda-~
lime carbon dioxide absorber. The soda lime, reacting with the moisture and carbon dioxide in the patient's breath, became
hot enough to convert trichlorocthylene to dichloroacetylene. (21)
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TABLE 7, CLEANING AGENTS FOR OXYGEN SERVICE

Cleaning Agent

For Cleaning (3)

Remarks

Trichloroethylene
Ethyl alchohol
Freon PCA

Nitric acid solution

Trisodium phosphate
(water soluble)

Water-detergent/soap
solution

Water

Carbon tetrachloride

Trichlorotrifluoroethylene

Chlorothene
(1, 1, 1 trichloroethanej

Oxylene M-6
Refrigerant 113
Freon 11

Penolene

Metso 99 (water soluble)

Diversey 909 (water
goluble)

MIL-C-81302A (similar
to Freon PCA)

MIL-C-8638

Metals and
Teflon (97 lz) 19’ 20)

Nonmetallics (except
Teflon) (12,19)

Brass, stainless
steel (10, 24)

Stainless steel (10, 19)
Metals (20, 23, 24)

F'-~tomers, rubber,
" ics(9,10)

aterials (8)

Metals (12, 20)
Metals and approved

Teflon (17)
Metals (20)

M..tals (20)
Metals (20)
Metals (20)
Metals (20)

Metals (20)

Metals (20)
Metals (24)

Delicate equipment (23)

Vapors cause nausea;
slow evaporation (20)

Toxic vapor (24)

Liquid will cause burns

Requires elevated
temperature and
wetting agent (24)

Vapors pose health
hazard (22)

Toxic decomposition
product (17)

Corrodes metals in
presence of water,

decomposes at approx
212 F(20)

Boiling point of 74 F (20)

Rapid evaporation;
few side effects(zo)

Attacks aluminum; ten-
dency toward precipi~
tation (20)

(8) "Metals” docs not include aluminum or magnesium. Inhibitors and other precautions are necessary in cleaning

these metals.
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N
TABLE 8, CLEANING STEPS FOR MARK IX PARTS
Part Cleaning Procedurela) Frequency .
O-rings Discard and renew After cach postuse disassembly
or major overhaul
é‘ Mity ~Mate Regulator
$ Metal parts Degrease with Penolene or ethyl alcohol, wash in When O-rings or other internal
E water-detergent solution, rinse in fresh water, parts are repiaced
< flush with ethyl alcohol, blow dry with oil-{ree,
N dry mitrogen
23 Diaphragm Rinse in fresh water, nitrogen dry, or discard and Same as tor O-rings
3 ronew(b)
E Seat seal Ditto Ditto
A58
td
3 Flow-Control Block
5 Metal parts Same as for Mity-Mite Same as for Mity-Mte
Seat seal D.scard and renew When unit 1s cleaned
Caniaster (1) Thoroughly rinse with fresh water, dry with After each use
otl~free, dry nmitrogen
(2) Clean interior with bottle brush and water- Periodically = schedule should
detergent solution, rinse thoroughly with be set dependent upon use
fresh water, blow dry with oil-free, dry
nitrogen: or immerse in mild water-
detergent solution in ultrasonic cleaning
tank, rinse, and dry as above '
Breathing Bags Thoroughly rinse with fresh water, hang to drain After cach use
or blow dry with nitrogen
A Breathing Hoses Same as for breathing bags Same as for breathing bags
Rebreathing Mouthpiece Rinse insides with {rosh water, hang to drain or After each use
" blow drv with nitrogen
Metal parts Wash in water-detergent solution, rinse in fresh After cach postuse disassembly
water, flush with ethy! alcohol, blow dry with or major overhaul
oil-free, dry nitrogen
Nonmetallic parts Rinse in fresh water and mitrogen dry Datto
= Exhaust Valve Same as for breathing bags Same as for breathing bags
j Metal parts Same as for rebreathing mouthpiece parts Same as for mouthprece
E:
5 Rubber parts Ditto Ditto
S Vest {1} Rinse in fresh water, hang to dry After each use
: (2) Wash in water-detergent solution, rinse in Periodically « schedule ahould
o fresh water, hang to dry be set dependent upon use
Y Backpack Rinse thoroughly in fresh water, wipe case dry, After each use
blow dry with nitrogen the hidden areas behind
metal parts
Gas Hoses
Umbilical Yo3e Thoroughly rinse with fresh water, hang to dry When detached from control block
or blow dry with nitrogen
Liter-flow hose Ditto After each porvtuse disassembly
Demand-flow hese " Ditto
Demand-breathing unit Rinse externally with {reeh water, hang tc dry After each use
Metal parts Same ac for rebeeathing mouthpiece parts Same as for inouthpisce
Nonmetallic parts Ditto Ditto )
.

(a) Verdigris or encrustation may be removed from exterior surfaces of metals by careful cleaning in 15 to

RLPAT b Bl ben

20 percent nitric acid solution.

(b) Grove recommends chat all soft goods be replaced at the same time, i e , when O-~nings are replaced, )
diaphragm should be replaced.
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.

is desirable., However, no organic solvent — particularly not trichloroethylene -~ should
¢ be used in the canister.

GRS

PSR

The nonmetallic parts and components of the Mark IX apparatus should be rinsed
only in clean water and dried with oil-free, dry nitrogen. Other metallic parts may te
cleaned in a water-detergent solution or, if encrusted with verdigris, carefully cleaned
I i with a 15 to 20 percent nitric acid solution, both methods {ollowed by thorough rinsing,
4

4t S0

3 t flushing with ethyl alcohol, and drying in oil-free, dry nitrogen.

: Not only must the equipment be cleaned, but steps must be taken to prevent recon-

| tamination during handling, transportation, assembly, and storage.(20) Cleaned parts

4 should be protected by plastic bags or, if assembled, all openings and ports should be

B ‘ capped.

i

& Suggested cleaning steps for Mark IX components are summarized in Table 8. |

s .

i. The use of hose clamps to secure breathing-gas hoses to the mouthpiece and to the \

breathing bags, as well as to secure the exhaust valve in the exhalation bag, practically K

3 insures that these items will be handled as a unit. Aside from awkwardness and the 1

i i possibility of snagging or uneven strain, this arrangement does not seriously affect :

e normal postdive cleaning. All of these components are to be cleaned only with fresh :1

. water, and drain drying is adequate. .

! !

S . The use of Teflon tape on pipe fittings in the control block may discourage com- s!

{ A plete disassembly for cleaning. Ordinarily, postdive cleaning of the control block, !

i except for inspection of the corifice/scrcen assembly, is unnecessary. However, when 3

the block is disassembled for cleaning, the umbilical hose must be removed and cleaned )

separately. |

|
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